Exhibit p 

To Declaration of Scott D. Tanner, PhD. 

U.S. Patent Application Ser. No. 10/614,1 15 



5797622.1 
31603-2002 



Atomic spectrometry update. Clinical and biological materials, foods 
and beverages 

Andrew Taylor,*" Simon Brandi,^ David HaDs,"" Marina Patriarca*' and Mark WMte' 

^'Supra-regional Assay Service, Trace Element Laboratory, Centre for Clinical Science and 
Measurement, School of Biomedical and Life Sciences, University of Surrey, Guildford, 
Surrey, UK GU2 7XK E-mail: A.Taylor®surreyMCuk 

^The Lord Rank Centre, Jt H. M, Technology, Uncoln Rpad, High Wycombe, 
Buckinghamshire, UK HPJ2 3QR 

'Trace Element and Micronutrient Unit, Department of Clinical Biochemistry, Glasgow Royal 
Infirmary University NHS Trust, Castle Street, Glasgow, UK G4 OSF 
^Lahoratorio di Biochimica Clinica, Istituto Superiore di Sanitd, Viale Regina Elena 299, 
00161 Roma, Italy 

^Health and Safety Laboratory, Health and Safety Executive, Broad Lane, Sheffield, UK 
S3 7 HQ 

Received 28th January 2003 

First published as an Advance Article on the web 10th March 2003 




1 Analysis of dinical and Ucdogtcal materials 

1.1 General reviews and articles 

U Sampling and sample prqiaratiaB 

10.1 Sample coUectloD and staliflity 
1^2 Sample preconcenlratioii 

13 Developments in and applications of iwdtl^cment 
techniques 

U.1 Atomic emission spectrometry with indoctively oonpkd 
plasma and the n^crowaTe induced plasma 

13.2 loductivdy coupled plasma mass spectrometry and other 
mass spectrometric techniques 

13.2.1 Mnhi-dement determination by ICP-\CS 

13.2.2 Sector field ICP-MS(SF-ICP-MS) 

13.2.3 The dynamic reaction ceD in ICP-NCS 

13.2.4 Spedation with capillary dectropboress coupled to 
ICP-MS 

1.3.2.5 Laser ablation ICP-MS 
13.2.6 Accderator mass spectrometry 
133.7 Resonance ionisation mass spectrometry 
13.2.8 Secondary ion mass spectrometry 
1.33 Xnray fbiorescenoe spectrometry 

133.1 Elemental mapping 

133.2 Fundamental devdopments in in vivo XRF detenzdoation 
of lead in bone 

1333 Applications of in vivo XRF determination of lead hi 
bone 

13.3.4 Determinationof elements hi body fluids by XRF 
133.5 Determination of ekments in tissnes by XRF 
13.4 Other nmlti-element technlqoes and studies 
1.4 Devdopments Sn single dement techniques 
13 Reference materials 

1.6 Hair and nafl analysis 

1.7 Drugs and pharmaceaticals 
lA Marine and freshwater biology 
1.9 Progress for ukdbidnal dements 

1.9.1 Aluminium 

1.9.2 Antimony 
1.93 Arseidc 

1.9.4 Bismnth 

1.9.5 Boron 

1.9.6 Cadmium 

1.9.7 Caldnm 

DOL 10.1039/b301135r 

Thb {oumalis £) The Ro 



1.9.8 Chnmdum 

1.9.9 Cobalt 

1.9.10 Copper 

1.9.11 Lead 
1^.12 Manganese 
1.9.13 Mercury 
1.944 Mdybdeoum 

1.9.15 Nickd 

1.9.16 Plathium and noUe metals 

1.9.17 Rare earth dements 

1.9.18 Sdeninm 

1.9.19 Silicon 
ISOQ Strontium 

1.9.21 Tdlnrium 

1.9.22 Thallium 

1.9.23 Titanium 

1.934 Uraninm and actinides 

1.935 Vanadhm 
1.9.26 Zmc 

2 Analysis of foods and beverages 

2.1 SampUng and sample preconcentration 

2.1.1 Extraction 

2.1.2 Digestion 

2.13 PreconcentntioQ 

23 Spedation 

23 Applications using hydride generation 

2*4 Applications using flame atondc absorption 
spectrometry 

23 Appfications using dectrotbennal atomic absorpthm 
spcctropneliy 

2.6 Applications using InductiTdy oonplcd plasma mass 
qwdiometiy 

2.7 Applications using otha analytical tedudqoes 
IM ftogress for faidividual elements 

2.8.1 Arsenic 

183 Cadmium 

2.83 Lead 

2.8.4 Mercury 

2.83 Sdeninm 

Z9 stngle and multl-demettt analysis of foods and beverages 

2.9.1 Dietary faitake studies 

2.93 Human nuDc and infant formulae 

/ Anal At Spectrom., 2003. 18, 385-427 385 
Society of Chemistry 2003 



2.9*3 MEDc and dairy prodnds 

2.9.4 Wheat, flour and rice 

2.9.5 HsIi and seafood 

2.9.6 Water 

X9.7 Wine and beer 

2.9 J Reference materials and coDaborathe tiiab 

3 Condnsions 

4 Rcfercnoes 



Thb ASU reviews publications that appeared in the tweNe 
montkt up to the end of October 2002. The writers found there 
to be an interesting collection of publications and enjoyed the 
opportunity to review current analytical activity for clinical 
and biological materials, foodt and beverages. It was noted 
that Chinese^ased scientists are responsible for much of the 
innovations that we have reported in this Update. This year 
has seen tremendous growth in the employment of permanent 
chemical modffiers for electrothermal atomisers. Rhodium was 
introduced for the measurement of selenium. Just a couple of 
years ago, and now it is looking as if it may di^lace 
palladium as the modifier of choice for this and many other 
determinations. The writers were impressed by an unusual 
device thai produced a dry 'aerosoF, allowing the transfer of 
solid powdered material into a quartz tube mounted above a 
flame burner head As the sample had to be reduced in size to 
a very fine powder it is unlikely that the technique will gain 
widespread popularity but the idea in principle appears very 
clever. Similarly, the use of ICP-mass spectrometry as a 
measurement technique for immunoassay, while novel, does not 
appear to be very practical when an assay can involve several 
hundred measurements, A number of intriguing papers were 
noted We were impressed by the subjects who participated in 
studies of dermal penetration of nickel compounds— ^se 
individuals had sticky tape placed on the skin, which was then 
pulled off together with undarlying cells; this procedure was 
then repeated up to 20 times. We pondered over a method that 
invoNed formation of SeHj, ^'hich was oxidised to and 
trapped on a hot gold wire. After a trapping period of tqt to 
5 min the was released for hydride formation and 
mea.suremeni. The English expression "takes the biscuit" came 
to mind as we puzzled with an even more remarkable report of 
the measurement of iron and manganese in biscuits by a cold 
vapour techniquel After which, the revelation that camels' milk 
is an ideal nutrient caused barely a second thought. 

In response to the need to assure the quality of analytical 
results and their mutual recognition, standards for the 
accreditation of analytical laboratories have been developed 
by ISO and other bodies in recent years. Somewhat eaiiier there 
was a revision of the terminology used to describe or characterise 
analytical methods and performance and also to take into 
account the "new** concept of *^mccrtabty of measntement**. 
This tenniDology also appears in the international standards. 
Thus, the tenn ^accuracy" has been chosen to indicate the 
closeness of the agreement of an individual result with the 
"fntf" value of the measurand. It b acknowledged that 
accuracy cannot be measured, but that the ^uncertainty'^ of 
measurement associated with a result, ie», the interval of values 
which can be reasonably attributed to that measurand, may be 
detennined. A new term, ^^trueness", defines the doseness of the 
agreement of the mean of several results with an assigned value, 
e.g. of a certified reference material, and can be estimated as 
^'bias'*, '*Predsion" is a general term to describe the doseness of 
the agreement between replicate measurements of the same 
sample by the same method. However, several dilTercnt factors 
may affect estimates of precision and the tarns *^repeaiabilit}r 
and ^reproducibility" are used to indicate two extiane. 
conditions. Repeatability refers to measurements made imder 



identical conations, as far as possible (equivalent to within- 
batch precision). Reprodudbility is applied to precision esti- 
mates that take account of all possible variables, induding 
labomtodes (more or less equivalent to between-laboratory 
precision). The term ^^intermediate precision*' refers to condi- 
tions lying between these extremes and it is recommended that 
the vaiiahtes (tmiB, operators, equipment, reagents, etc) be 
indicated. In order to reflect these devdopments, the authors of 
this Update intend to adopt the new termmology when 
conunenting on results. However, where woik is directly 
dted we shall use the expressions given by the original woricers, 
to avoid misrepresentation of what was written. This annual 
review covera the published literature on the analysis of clinical 
and biological materials, foods and beverages using atomic 
spectrometiic tedmiques for the year up to October 2002. 
Tables 1 and 2 summarise details of these publications. Our 
previous Update' covered the twehre months up to October 
2001. 



I Analysis of dinka) and biological materials 

1.1 General reviews and artides 

Szpunar and Lobinski^ described recent research in their 
laboratory in speeiation analysis of essential and toxic elements 
M btological systems. They have gone beyond the simple 
coufding of HPLC and ICP-MS to a multi-dimensional 
apinoacfa to obtain more information on the species, e,g. 
sequential use of different HPLC separation mechanisms and 
CE for separation; electrospray MS, mduding coUisian 
induced dissociation MS, for detection. 

It is often difficult, or inappropriate, to collect 24 h urine 
samptea for asscssmcnt of exposure to toxic elements. 
Collection of a random sample and correction ' by expressiitg 
the result as a ratio to creatinine is the most usual way of getting 
round this. Is this necessary or relialde, however? The study of 
Hinwood et aO attempted to answer this problem for the 
measurement of inorganic As in urine in population studies by 
comparing 160 paired 24 h collections and corresponding first 
morning void spot samples. For both concentration and 
creatinine-corrected concentration, there were no significant 
differences between the urine As in the two types of sample. 
They conduded that for environmental exposure studies, 
creatinine adjustment of the concentration of spot samples 
may not be necessary. However, most of the concentrations 
measured were very low and it may be unwise to extend this 
condusion to higher concentrations found in occupational 
exposure. They found when they confined the dataset to more 
measurable concentrations that the rdationship between the 
concentration and the creatinino-corrected concentration 
became non-significant. 

1.2 Sampling and sample preparation 

1.2.1 Sample collection and stability. Work by Rodushkin 
and Odman has confirmed the {H'oblems of contamination of 
samples with trace elements from blood collection tubes. They 
measured 70 elements by nwgnctic sector ICP-MS in 0.05 M 
HNO3 solutions after contact with disposable stainless sted 
needles, blood collection tubes induding separator tubes, 
disposable plastic pipettes and phistic tubes used for sample 
storage- For dements nomudly present in blood or serum at 
concentrations greater than 10 ^ 1~^ contamination was 
generally negligible {ie. less than 1% of expected conoentiH- 
tionX but for elements at concentrations less than this, 
contamination could severdy impau" accuracy. Commercial 
bk>od coUectbn and serum separator tubes were the main 
problem, especially for AL Ba, Th and the RJBEs. 

The study of Sabe et al? on the stability ofsdenium in urine 
showed that acidification with HQ had no effect on stability 
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and that tbe cooocatration was stable for 24 h at room 
temperature, fora week at 4 X and for 14 days at -20 *C 

1^ Sample preooDccDtratloiu An 0Q4me system for 
preoQDcentiatioo of Od in digested urine using FI and lO^- 
AES was reported by Ortega et al} This novel approach used 
doudiHfint extraction of a complex of Gd'" with 2-(5-bromo-2- 
pyridylazo)-S-diethylaminophmoi formed in the presence of • 
non-tonic miceUes of P0NPE-7.S at a thexmostatted tempcrar 
tore of 2S above tbe dond-point tcoipenuure of the system. 
The surfactant-rich phase of this syston was retained on a 
micrchcolumn packed with cotton. The Od was duted with 4 M , 
HNO3 into the nebuliser of the plasma. >^th lO ml of sample 
solution, an enrichment factor of 20 was attained, giving an 
LOD of 40 ng r'. Normal Od eonoentratbns in six urines 
ranged from 0.25 to 0.52 |ig T*. 

For the determination of Pd in human urine by ETAAS, 
Costa et <d7 devdoped a sequential system using preameeniro' 
tion after reacting the Pd with NaDDC to foim a complex 
which was retained on a coluimi of silica Cis. This was eluted 
with about 43 id of CH3OH directly into the graphite fur- 
nace. With a sampb of 8 ml of urine, an LOD of 8 ng r' 
could be reached and analyses could be made at the rate of 
10 samples b^'. 

PoJyuretkane foam, ground down to a 1 mm diameter pore 
size, quantitativdy extracts Co as a thiocvanate complex in 
0.1 M HQ, as reported by Sant' Ana et a/. They used this to 
preconcentrate Co by a factor of 10, achieving an LOD of 
0.08 pg 1''. Tbe foam was filtered off, dried and injected as a 
solid into a graphite furnace for detennination by BTAAS. Tbe 
foam was removed by pyrolysis at 550 *^C and calibration could 
be made with aqueous standards. This approach was used to 
detmune Co in digested marine biological CRMs with good 
results. 

13 DevdopmentB in and applications of molti-elenient 
techniiiiMS 

13.1 Atomic emission spectrometry with tbe indactivdy 
conpled plasma and tbe microwave induced plasma. Tobno 
et a/, have continued their studies on cakfication of (iisues 
in ageing using ICP-AES to measure Ca, Mg and P. Results on 
24 Japanese subjects aged between 65 and 93 y* showed an 
accumulation of these dements in the iliac arteries, with 
significant corrdations between all three elements. The mass 
ratios of Mg to Ca and Mg to P were tower at advanced 
accumulation than at the eariy stage. Significant corrdations 
were also found between the concentrations of all three 
dements in Japanese monkey arteries.*^ To see whether the 
condusions that they had reached on studies of Japanese 
subjects were the same for other races, they measured Ca, Mg 
and P in the arteries of 16 Thai subjects.'' Magnesium 
increased in the arteries with ageing, paralleling the increases in 
QiandP. 

Whereas the dderiy .suffer from the build-up of Ca, Mg and 
P, the infant has problems in getting enough of these elements. 
Balance studies for calcium, magnesium <md phosphorus on ten 
extremely !ow birthveight ononis were carried out by Loui 
et qI}^ uring ICP-AES measureownts. They conduded that 
these mfants have hi^ nutritional needs for Ca, Mg and P 
which are not met by a human milk fortifier widdy used in 
Europe. 

Matrix effects in the determination of calcium, potassium, 
magnesium and sodium in urine by ICP-AES were investigated, 
by Krejcova et alP Whereas K and Na could be determined 
diiectly in undiluted urine, for Ca and Mg a suppression 
interference was found Wch was overcome by. matrix- 
matched calibration and internal standardisation. 

An aniline flaw system for preconcentration was devcbped by 
Meoegario and Oine'^ for the detennination of Cd, Cu, Mn, H 



and Pb in saliva samples by ICP-AES. Saliva (1 ml) was pas»d 
through a microcolinnn containing 8 ^1 of AGS0W-X8 resin. 
The elements were duted with 3 M HO at 82 pi min*' into a 
microconcentric nebuliser. Eoricbment factors ranged from 17 
to 46. 

To measure boron in blood of patients treated with the agent 
4-dihydroxyborylphenvtalanibe (BPA) during neutron-capture 
therapy, Laakso et al ' ' found that measurement by ICP-AES 
had distinct advantages over the use of ICP-MS. Tbe well- 
established ICP-MS procedure was tedious because prior wet 
ashmg was necessary. For ICP-AES, sample preparation could 
be snnpKfied to prote'm precipitation with TCA. Red cdl B 
concentrations were calculated from the measurements of 
plasma and whole blood B and the blood haematocrit. The 
method was shown to be precise (RSD within- and between- 
batch <5%), accurate (recoveries in whole blood 95.6-96.2%) 
and to give results which correlated well with those obtained by 
ICP-MS (f - 0.994). 

Electrothermal vaporisation was applied by Chen et c/.'* to 
the analysis of small volumes of both solid and fluid biological 
samples by ICP-AES. By adding a PTFE slurry to the sample 
to generate F, matrix effects were reduced considerably. The 
method was applied to the analysis of himian hair slurried after 
partial digestion with a small volume of HNOs, a shury of 
Chinese medidne powder and serum samples. Tbe precision 
was in the range 2-4% RSD and LODs were 11, 1.2, 2.0, 2.5. 
1.0 and 242 pg 1"' for Ca, Cu, Cr, Fe, Ti and Zn, respectivdy. 

For a study of gallstone formation in humans, Szentmihalyi 
e/ oil measured concentrations of 23 dements in bile fluid and 
gallstones by ICP-AES. Samples were microwa:ve digested with 
HNOr-U^i in Teflon vessds. Significant coirelations were 
found between the dement pairs Al-Ca, P-Mg and S-Mg in 
bile and Al-Ca, Mn-Ca, Mn-Al in gallstones. Concentrations 
of Al, Ca, Cr, Cu and Mn were found to be 120-360-fold higher 
than in bib. They conchided that Cr and Mn in bile had an 
cflbct on Ca and Al predpitation in gallstones. 

Inductively-coupled plasma AES is a very suitable voch- 
niquc for the simultaneous determination of elements in tivtue 
samples. In a study of brain tissue from a patient who died with 
Wilson's disease, Faa et al}^ found that not only were the Cu 
concentrations higher than normal, as expected, but the 
cottcentradons of Ca, Fe, Mg, P, S and Zn were consideiably 
lower than normal The elements woe distributed unevenly 
throughout the brain. Corrdations of trace dement concentra- 
tions within and between six different autopsy tissues were 
studied by Rabil-Khazen ef al^^ Thirteen elements weie 
measured by ICP-AES. They found that Fe-Co were correlated 
in most tissues and that Cd-Zn, Cu-Mn, Cu-Zn and Mn-Zn 
were highly correlated in the kidney meduUa. Many more 
condations were found and tbe authors expected that this 
would bdp in an understanding of the kinetic interactions of 
trace demenu in the body. Thdr further analysis of the data^ 
showed th&t in most tissues the concentrations of the essential 
dements fallowed the order Fe > Zn > Oi > Mn > Se > Or 
>' Co, except in tbe ovary where Se was higher than Mn. 
Oendrally, nuks had higjher concentrations of trace dements in 
tissues, but females had higher Mn in the brain front-lobe and 
heart and Sr in the liver. Accumulation of Ba and Sr with age 
was evident in most tissues with Al accumulating in tbe kidney 
cortex and Cd in the brain cerebeUvan. A similar study, mainly 
on toxic dements, was reported by Yoo et al". on Korean 
subjects. They foiud that Cd accumulated with age in the liver, 
kidney, heart and testis and Pb accumulated in the testis and 
bone. The dements Hg, Se and Zn were not correlated with i^e 
in any tissue. Correlations were seen between the dement pairs 
Hg-Se, Pb-Se and Cd-Zn in many tissues. 

132 Indnctivdy conpled plasma mass spectrometry and other 
mass spectrametric tedmiqnes. 1.3 J. I Multielement determi- 
nation by ICP-MS. Reference values for 13 elements in whole 
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bhod and serum from IS-year old Swedish adolescents were 
carried out by Barony et al.^ The samples from 372 subjects, 
measured by ICP*MS, gave median conoentratioos of Cd, ?d, 
Pt, Rh, n and W bdow the LOD of the tedmique and median 
conceatzations of Co, Cu, Se and Zn in agreement with values 
from other studies, but median concentrations of Cd, Hg and 
Pb were lower. Concentrations in serum showed significant 
correlation to values in whole blood for the elements Co, Cu, 
Hg, Pb, Rb, Se and Zn. Dombovari et al^ reported refoenoe 
values for 12 elements m the serum of young Hungarian adults 
of mean age 22 y. Most elements were determined after 
microwave digestion with HNO^-H^Ozs but as the blanks for 
Al were too high, a separate digestion with TMAH was made 
for that element. Tissue trace element concentrations were 
reported by Garcia et a!.^ for 78 non-occupationally exposed 
si^jects from Tarragona in Spain. For hmg, liver, kidney, brain 
and bone, concentrations of As, Co, Cr, Hg and V were near or 
bdow the LOD of ICP-MS. Concentrations of Mn, Sn and Zn 
were similar to those reported b other studies, but concentra- 
tions of Cd, Ni and Pb were lower and Cu was higher. No 
obvious hazard from environmental exposure or froni diet was 
evident for people living in the study area. 

An interesting in vitro study on the release of toxic elements 
from button batteries was reported by Rebhandl et aL^ Twenty 
elements released from eight different types of button cells into 
simulated gastric juice were measured by ICP*MS. Within 4 h, 
leakage was seen from afanost ail batteries with the release of 
significant amounts of Cd, Hg and Pb. Between 24 h and 72 b, 
dissolution, boles and defragmentation were seen and Che 
authors considered that the current policy of conservative 
management of batteries lodged in the stomach should be 
reassessed. 

For a study of trace element changes in aortic valve sclerosis, 
Nysirom-Rosander et al^ measured 15 demoits by ICP-MS 
in sclerotic valves taken from 46 patients undergoing surgical 
aortic valve replacement Comparison was made with 15 
forensic autopsy samples from individuak with no known 
cardiac disease. The most pronounced increases in the sderotic 
valves were for As (5-fold), Ca (70-fold), Co (lO-foki), Fe (20- 
fold), Mg (20-fold), Pb (8-fold) and Zn (10-fokl). A smaller 
increase was seen for Cd and decreases in Cu, Se and V were 
found. 

U.2,2 Sector field JCJP-MS (SF-ICP-MS). Id a compar- 
ison of SF-ICl'-MS with quadrupole ICP-MS for the 
determination of ^*rh, and in urine, Pappas et al.^ 
found that the sample volume could be reduced from 500 ^1 
to 100 pi for the more sensitive sector-fidd method while still 
getting a small improvement in LOD to less than 3 ng P'. In 
thdr approach, Truscott et al»^ used on-line bigb-peifonnance 
chelation IC to remove spectral interferences in the determina- 
tion of Np, Pu, Th and U by SF-ICP-MS. Different oxidation 
states of Np, Pu and U were also evident in the sepuradon. The 
method was evaluated by determination of ^^Tu in NIST 
Human Lung SRM with results within the co-tified range. 

Reference values for 14 trace and ultra-trace elements in the 
serum of 59 healthy subjects were reported by Muniz et al^ 
Measurements were by SF-ICP-MS after dilution 1 + 4 with 
ultrapure HiO using added Ga, Sc, Tl and Y as internal 
standards. Measurements of the same dements in 14 samples 
from haemodialysis patients showed higher Al, Co, Cr, Ox, 
Mn, Mo, Pb, Sr and U concentratians and lower levels of Fe, 
Rb and Zn. 

To study species of arsenic, antimony, germanium, mercury, 
selenium and tin excreted in urine after fish consumption, 
Kresimon et aL^ derivatised the species by reduction with 
NaBH4, separated them by low-temperature GC and detected 
the elements by ICP-MS. In this way, they could detect seven 



As, two Oe, one Hg, five Sb, three Se and four Sn spedes. Of 
these 22 spedes, 18 were identified. 

Sturup^ developed a new method for the determination of 
calcium isotope ratios and total Ca usiag SF-ICP-MS with a 
shielded torch. The isotope ratios ^Ca:*'Ca, ^^:*'Ca and 
**Ca : could be measured in urine with precisions of 0.25, 
0.23 and 0.05% RSD, respectivdy, in order to determine the Ca 
absorption from various foods. Uncertainty calculations 
showed that ^en enriched stable ^Ca and ^'Ca are given in 
double stable isotope procedures, the overall uncertainty is 
limited by the predsipn of the ICP-MS measurements of the 
**Qi : ^Ca and ^Ca : ^'Ca isotope mtios. 

JJJ.3 The dynamic reaction cell in JCP'MS, There are still 
very few publications that have appeared on applications of the 
dynamic reaction cell to the analysis of clinical and biological 
materials. Chang and Jiang^^ showed that NH? in a dynamic 
reaction cdl cffectivdy reduced isobaric interfereoces by 2-3 
orders of magnitude in the determination of Cr in water and 
urine. Results on SRMs for both water and urine agreed wdl 
with the certified values. 

J. 3.14 Speciation with capillary electrophoresis coupled to 
JCP'MS. Sanz-Medd's group in Oviedo, Spain, have been 
exploring the potential of capillary electrophoresis coupled to 
inductivdy coupled plasma mass spectrometry. For speciation 
of Hg, inorganic Hg and alkyimercury compoimds were 
converted to complexes with cysteine which were separated 
by CE in an Na2B407 bufler at pH 9.3, converted to volatile 
species by reduction with NaBH* and the Hg detected by ICP- 
MS. The use of the volatile species generator overcame 
problems related to the direct connection of C£ to a nebuliser 
and also gave improved LODs (I ^g for inorganic Hg and 
30 |tg r ' for methyimcrcury). The technique was evaluated on 
the determination of mcth>imcrcury in the dogfish liver CRM 
DOLT-2 with a satisfactory result. For the separation of 
metallothioneins in rabbit liver,^' they used UV detection to 
establish suitable conditions for separation by CE. Coupling of 
CE to ICP-MS then allowed metal speciation. A comparison of 
Mdnhard, Babington and higb-eflSdency nebulisers for 
coiq)Iing to CE was made. 

LS.2,5 Laser ablation ICP-MS, Feldmann et o/.^ have 
shown that problems in the analysis of thin sections of tissue by 
laser ablation can be overcome by keeping the sample frozen at 
temperatmes bdow -60 Their cryogenically cooled 
abhition cdl was coupled to an ICP-TOF mass spec^meter. 
With the use of "C as an internal standard Co compensate for 
floctnations in abhted material, reprodudbilities of 2-6% RSD 
were adiisved. CaHbration was achieved with a pressed and 
firran slice of Pig Liver CRM, wfaidi was shown to be suitable 
for a range of kidney and liver samples. The method was 
seen as offering the possibility of 2-^mensioDal analysis of 
trace dements in tissue sam^des with a resolution of better than 
20 pm. 

JJJ,6 Accelerator mass spectrometry. Jackson et cd?^ have 
reviewed the application of accelerator mass spectrometry for 
studies on nutrition using the isotopes '^C^ ^Al and ^'C^ The 
technique offers the advantages of small doses that present 
no health risk, high sensitivity, small sampb size and the 
possibility of making measurements over a long time. 

Resulu obtained by Yokel et al.^ showed that a small 
fraction of aluminium that has been absorbed reaches the bmu 
where it persists for a long time. Their study used AMS to 
measure '^Al in rats injected with Al transferrin or with Al 
dtrate spiked with ^AL Irrespective of the form of Al, about 
0.005% of the ^Al reached the brain, decreasing with a half-life 
of about 150 d. With desferrioxamme treatment, the half-life 
reduced to 55 d. 
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JJJJ Mesonance ionization mass spectrometry, Resonmiee 
hnization mass ^etrometry has been applied Blaum et <dP 
to the detenninatioa of Gd in the tissues of mice injected with 
Gd dletbyienetriaminepentaacetic add, a cootrast agent used 
for magnetic lesonanoe imaging (MRI). Using a thne-step 
ivsonant exatation step into an autoionizing level, it was 
possibletodetennin6downtol.6 pgGd with a linear response 
over six oidcn of magnitude Measured concentrations in the . 
tissues langed over two orders of magnitude. 

LS2,H Secondary ion mass spectrometry. The locatbn of 
elemenis in the goblet ceILt of rat cor^unctiva was studied by Oba 
et aL^ using SIMS and results were compared with those 
obtained with EDXRF. With an O2'*' primaiy ion souzce^ 
SIMS showed good resolution of Ca, K, Mg and Na as positive 
ions and with a Ga*^ ion source, CI, CN, OH, P and S as 
negative ions. The etemenu Ca, C, a, R, Klg, Na, N, O, P and 
S were shown by EDXRF with poorer resohidon. 

133, X-ny fluoresccnee spectrometry. 1.3.3.1. Etemetttal 
mappmg. Studies using elemental mapping have highlighted 
some of the changes in trace element concentrations that occur ht 
cancerous tissue. Copper, Fe and Zo in a total of 80 cancerous 
and healthy breast tissue samples were examined by Gerald 
et al^ using SRXRF. All three elements were increased in the 
tumours, Cu by as average of 3.6-fold, Fe by 2.7-foid and Zn 
by 4.4-fold. The distiibutioa of Zn in normal amd cancerous 
human prostate tissue was quantified by Ido>£ktessabi et al^ 
using SRXRF. In nonnal tissues, concentrations of 101- 
180 pg g"' were found m the stroma and 15S-474 »ig g~' in the 
epithelial cells. In cancerous cells, the range was 44-713 ^ g" ' 
in the stroma and 89-221 pg g"' in the adenocarcinoma. 

Mapping can give infomuition at the cellular level and this 
has been used to study changes in neurological diseases* 
Distribution of Fe in nerve cells of a patient with Parkioson- 
isnMlementta complex was evaluated by Ide*£ktessabi et al.*^ 
using XRF and Fe K-cdge X-ray absorption near-edge 
strticture spectroscopy. Iron was concentrated in the neuro- 
mdanin granules and in one of the glial cells surrounding the 
neuromeianin granules. Chemical state imaging showed that 
the Fe in the glial cells was mainly as Fe'^, while in the 
neuromeianin granules, it was as both Fe^'^ and Fe^. In a 
study of senile plaques in Alzheimer's disease, Robertson et al^^ 
used micro-PDCE measurements to show that the concentra- 
tion of Zn was higher in the senile plaques than in the adjacent 
neutrophils and that the Zn in these neutrophils was higher 
than in control neutrophils. They suggested that in Alzheimer's 
disease the delicate balance of brain Zn is disrupted and thb 
could play a role in neuron degeneration. 

The fate oi toxic elements in respired particles vnastxu^cd by 
Pinheiro et aJ.^^ Thin frozen sections of lung tissue were 
examined by micro-PDCE. Significant particle deposits were 
found at the distal respiratory tract containing the elements At, 
Cr, Cu, Fe. Ni, Si. Ti, V and Zn. The pattern of mobilisation of 
elements from these deposits to the surrounding tissue was 
difTercnt in the respiratory tract and in the respiratory ducts. 
The elements Ni and V showed evidence of high solubility. 

Mapping of chromium in the testicular tissue of mice injected 
with QCls was carried out by Ortega et aJ.^ usmg XRF 
with proton and SR beams. The average Cr concentration was 
abom 5 |xg g' ' but higher concentrations were found within the 
limiting membrane of the testes, the tunica albuginea. The 
superior resolution of SRXRF allowed Cr to be seen abo 
within isolated cells from the mterstidal connective tissue. 

UJJ Fundamental develoomenis in in vivo XRF determina- 
tion of lead in bone. Todd* has refviewed theoretical con- 
siderations in the in vivo measurement of lead in bone by L-sbell 
XRF. The review covers the method of correcdng for 
attenuation, the contributions to the measurement uncertainty. 



bterferences, the depth of bone sampted and the signal 
strength. In a further paper,^ he reported on the devdopmeot 
of an Lrsbell XRF bone Pb measurement system. A secondary 
target gave greater Pb X-ray signal-to-background ratios than 
partially phme polarized XRF. r*-Hignim in the matrix reduced 
the signal substantially and attenuation by skin and adipose 
tissue bad a profound effect Kondzashov and Rothenburg^^ 
described mathematical techniques for uncertainty calculadoos 
for bt vivo measurement of Pb in bone by XRF using a '^Cd 
source. 

There has been some interestixig work on establishing the 
accuracy and precision of'm vivo bone lead measurement. Todd 
and collaborators compared results by XRF with those by 
ETAAS after ashing and dissolution in HNO). In mea- 
surements on the femurs of pigs,^ concentradons of Pb 
ranged from 1.0 to 24.5 pg g"' by ETAAS. On average, 
XRF overestunated Pb measurement by 2.6 ng g" which was 
2 pg g"* poorer than had been observed in studies of 
human tibiae. They concluded that measurements of Pb in 
non-human bones by XRF may require adjustment of the 
XRF spectrmn peak extraction method. The variability of 
measured Pb concentrations in nine adult human tibia was also 
studied.^'^ Using ETAAS measurements, they established 
that the surface tibia Pb concoitration was greater than the 
core concentration by about 5-8 pg g~ ^ Both core and surface 
tibia Pb concentrations were lower at the proximal and distal 
ends ofithe tibia. With *^Cd-based K-shell XRF measurement, 
the opposite had been found. Results obtained by XRF showed 
no significant difference from results obtained by ETAAS on 
surface Pb, but XRF significantly overestimated the tibia core 
Pb concentration by around 5-^ pg g'*. In a further study 
evafaiating I^shdl XRF measurement,^ the difference between 
measurement 00 intact legs and on bare tibiae was assessed 
using adult human cadavers. Agreement between XRF and 
ETAAS measurement yms reasonably good for bare bone 
measurement, but poor for intact leg measurement The 
authors concluded that the variability of the I>-sheU XRF 
measuremoit was large enough for both bare bone and intact 
leg measurements to give grave concern about the analytical 
use of the technk)ue £fi vivo. 

J. 3.3.3 Applications of in vivo XRF determination of lead in 
bone. Gen et al found that substantial lead exposure during 
childhood could increase blood pressure during young adult- 
hood. Lead exposure was assessed by in vivo XRF measure- 
ment of the bone Pb of 508 participants. Results were divided 
- into 4 groups according to bone Pb oonoentradon. The group 
with the highest bone Pb ( > 10 pg g' bad an average diastolic 
blood pressure Z3 mm Hg higher than those in the lowest bone 
Pb group (<1 pgg"'). 

In a study of the impact of breastfeeding on the mobili- 
sation of lead from bone, Tellez-Rpjo et al.^^ measured in vivo 
bone Pb at one month postpartum on 425 hictating women 
in Mexico Qty. Blood Pb was measured at 0, 1, 4 and 7 months 
postpartum. Mean Wood Pb at ddivery was 84 pg P* 
(0.41 pmol r') and cortical and trabecular bone Pb were 
10.6 and 1S3 pg g"', respectively. Women who exdusively 
breastfed their infants showed a mean increase in blood Pb 
of 14 pg r* (0.07 pmol r') and those diat practised mixed 
feeding increased by 10 pg (0.05 pmol T '). 

The normative aging study in the USA has provided much 
information about the fate of lead in bone. Bone and blood 
Pb concentrations h) 656 middto-aged and dderly men were 
related to previous occupational history in a study reported by 
Ehnaisafawy et oL^ None had .worked in the primary lead 
industry and they were dhoded into Uue-coUar (BQ and whito- 
colkur OVQ occupations. The tibia and patella Pb concentra- 
tions of BC workers were on average 5.5 and 6.5 pg g~ ' higher, 
respective^, tiian those of tiie WC subjects. Non-white BC 
workers had even higher bone Pb concentrations than their 
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white colleagues. Data from this study has also been used to 
assess the influenoe of bone resorption on Pb mobilization by 
Tsaih et a/.^' Bone resorfition was assessed on 333 men by 
measuring cross-Unked ^-telopeptides of type 1 collagen m 
24 h urine collections by immunoassay. Blood and urine Pb 
were measured by ETAA^ and ICP-MS, xtspectively. After 
adjustment for age and creatinine dear&nce, an association 
between urinaiy Pb and patella Pb was found which was 
more pronounced in the groups with higher indices of bone 
resorption. A shnilar association was found for blood Pb and 
patella Pb, confirming that bone resorption infloenoes the 
release of Pb from bone stores mto the circulation. Results 
from the. same research group on middle^ged and ckteriy 
women'' hdicated a significant association between post* 
meoopausal oestrogen levels and blood Pb. Bone Pb was 
significantly correlated to blood Pb but only for postmeno- 
pausal women not taking oestrogen. The results suggest that 
increased bone resorption, as occurs postnuoopause because of 
decreased oestrogen production, results in mcreased rdease of 
Pb from bone. 

UJJ DeterminaHon of elements bi body fluids by XRF, 
Total reflection X-ray fluorescence is showing its potential in the 
multielement analysis of human body fluids. In serum, the hi^ 
organic content increases the background due to Compton 
scattering. Zaricadas et aL^. showed that a molybdenum filter 
inserted after the cot-ofT reflector significantly improved the 
peak-to-background ratio, especially for Br; Oi, Se and Zn. 
Tb^ could determine these elements with a precisian of about 
4% RSD. In their method, Marco et al^ used the Ccmpton 
peak as an intemal standard in the determination of Cu, Se and 
Zn in seium. Reference values on healthy subjects were 
established based on a^ and sex. From their results on cancer 
patients, whidi were significantly diffonent firom normal, they 
suggested that the Zn : Cu ratio and the Oi concentration could 
be a useful tool for cancer diagnosis. However, these authors 
should note that the changes in serum Cu and Zn which th^ 
observed are not specific to cancer, which would make it a poor 
diagnostic tool. Amniotic fluid samples were analysed by 
Carvalho et al^ by TRXRF. The organic matrix was removed 
by treatment with HNO3 followed by O2 plasma ashing. 
Yttrium was added as inteitial standard. Placenta samples were 
lyophilised and analysed by EDXRF. Only two dements 
measured, Ca and Fe, showed a relationship to the mother*s 
age and the weight of the newborn. Calcium in both amniotic 
fluid and placenta increased in heavier babies and older 
mothers whereas Fe increased with increasing maternal age 
but decreased for heavier babies. Copper, Fe and Zn in human 
colostrum milk from 50 Brazilian mothers weie measured 
usmg TKRF with SR in a study reported by da Costa et aL^ 
Mean concentrations found were 0.54 ± 0.29 mg Cu, 
1.72 ± 1.01 mg r* Fe and 6.97 ± 2.82 mg 1"' Zn, which 
were comparable to other values in the literature. Zarkarias 
et aL^* showed that U could be detennined in urine by 
TXRF. Chemical treatment and preconoentration were neces- 
sary but the method was only suitable for measuring con- 
centrations of U above normal 

Selenium depletion was found in 2-'moDth old suckling calves 
usmg TXRF measurement of Se in sensn. In this study, 
reported by Buoso et al,^^ Sc concentrations in the serum of 78 
calves ranged from 10 to 66 )jg T*, lower than the expected 
range (60-80 )ig r'). The results corroborated a dinical 
diagnosis of Se deficiency. 

For a study of trace elemenis in liver disease, Loguercio 
et al.^ measured Br, Fe, Se and Zn in (dasma and erythrocytes 
by PIXE. Liver drrfaosis resulted in a significant decrease in Fe, 
Se and Zn in plasma and Se in erythrocytes when compared 
with a control group. This decrease was not related to the 
degree of impainneot of liver function and was only partially 



aOeaed by nutritional status. Phisma Br was higher in 
drrfaotics than in healthy controb. 

J.3J.5 Determination of elements in tissues by XRF. Con- 
centrations of 14 elements in Iher, brain and kidney of patients 
with liver dirfaosis were measured by Carvalho and Marques^ 
using XRF. Results for As, Ni and Sr were low, near the LOD 
of the technique. Concentrations of Co, Fe and Pb were higher 
and Se and Zn lower than in the corresponding tissues from 
subjects free of liver disease. However, in kidney tl» Zn 
concentration was higher in drrfaotic patients. In a study of 
liver Zd in Greenlandic Inuit measured by XRF, Laursen 
et al^ found no significant difference in concentration from 
that found in Danes. For neither group was there a significant 
difference between results for males and females. However, 
there was a significant positive correlation between liver Zn 
and age in Danish women but not in Inuit or in Danish men. 

In the development of an XRF method suitable for 
determining copper, iron and ,zinc in skirts Bagshaw and 
Farquharson^ prepared skin phantoms which were analysed 
with fluorescence from a Oe secondary target iiradiated with a 
high output tungsten target X-ray mbe. Calibration models 
were constructed to aUow quantitation, with spectral analysis 
performed using the Marquardt method of non-Unear least 
squares fitting. The LODs were around 5 pg g' * for Cu and Zn 
and around 10 ^g g' ' for Fe, which are comparable to levds 
encountered in healthy skin. 

Platinum from clsplatin has been determined in human 
cancerous tissue obtained by biopsy in a study reported by 
Suzuki et aJ.^ With monochromatic Mo K alpha radiation as a 
source and a LiF crystal, an LOD of 0.01 )ig g' ' was achieved. 
The technique was used to study samples taken from patients 
with advanced bladder cancer. 

In an attempt to find magnetic material in birds and fish that 
could possibly interact with the earth's magnetic field and 
enable them to sense direction and location, Harada et ai^ 
looked for Fc in otoliths of sea fish and birds with SRXRF. In 
the saccular and utricular otoliths, detectable levels of Fe were 
rarely found, but in the lagenal otoliths of birds, significant 
quantities of Fe were found. They suggested that the lagenal 
otoliths contain tiny magnetic particles of low inertia that are 
displaced by applied magnetic fields, providing the bird with 
geomagnetic sensory input fromwhidi the bram could infer 
navigational Uiformation. 

Stocidassa et a!,^ evaluated the conmiercial ITRAX X-ray 
spectrometer for the analysis of human hat samples. It was 
capable of measuring elemat ooncenUntions down to 1 pg g*' 
and was used to construct a database of normal values 
for {diysiologically important elements in healthy Swedish 
subjects. 



1 J.4 Othcf mnlti-elenient techniques and studies. Cbrreia 
tf/ffil^ developed a method to detcnnine Mn and Se m serum by 
smulianeous ETAAS. Sanqdes were diluted I <t- 3 with 1% v/v 
HNOrO.1% w/v Triton X-100. A Pd-Mg(N03}2 modifier was 
added and a heating program with pyrolysis at 1200 "C and 
atomisation at 2300 '^C was applied. Buildup of carbonaceous 
residues on the integrated platform was a problem which was 
overcome by addition of an oxidizing mixture (1 5% w/w HzOz- 
1% v/v HNQO and an additional low temperature pyrolysis 
step at 400 The method showed satisfactory results with a 
Seronorm serum RM and good recoveries of Mn and Se added 
to five serum san^les. In a further method to detennine Cu, Fe 
and Zn simultaneously by ETAAS,'* the higher sensitivity for 
Zn was a problem. They solved this by selecting a pyrolysis 
temperature (700 "Q above the normal maximinn temperanire. 
The losses of Zn brought the senritivity down to a level com- 
parable to Cu and Fe. Samples were diluted 1 + 79 with I % v/v 
HNOH).0l% w/v Triton X-lOO and, to keep the sensitivity 
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within the lineu- niDge, the sample volume injected was reduced 
to 5 ^1 and a gas flow of 50 ml min~ ' was introduced during 
atomisation. The method was validated by analysis of a 
Serononn serum RM and by recovery experiments. 

Non^dispersive atomic fluorescence xpectrtanetry with two 
channeb allowed Lu el alP^ to develop a sensitive method to 
delennine Cd and As simultaneously in biological samples. 
Volatile species were generated by reduction with KaBH4 and,, 
under optimised conditions, LODs of 10 ng Cd and ISO ng 
As r' were attained. 

A method to sequentiaUy determine selenium and tin in human 
brain tissue was developed by Szoboszlai et aiP Samples were 
dissolved by microwave digestion and the elements determined 
by ETAAS with Zeeman background correction and the 
transversdy-heated grai^ite atomizer. For Se determination a 
prereduced Pd modifier was fouiKl best, whereas for Sn a Pd- 
Mg(N0])2 modifier was preferred. Accuracy was demcnstnited 
by analysis of CRMs and by r ecov er y experiments. In autopsy 
samples from subjects with no diseases of the central nervous 
systczn, Se concentrations ranged finom 200-700 ng g* ' and Sn 
from 20-300 ng g"'. 

There have been two interesting papers by Hoi et a!. 
exploring the relationship between selenium and mercury from 
dental amalgam. Selenium is bdieved to have a protective effect 
in detoxifying Hg. Their study on urinary excretion'^ showed 
that a group of subjects with amalgam fillings excreted less Se 
(median 36.4 ^g) in urine over 24 h than a control group 
without amalgam (median 47.5 fig). Measurements were by 
HGAAS. There was, however, no significant differenoe in Se 
excretion between groups with and without amalgam-rclated 
symptoms. In their study on whole blood Se,'^ however, they 
found that the median blood Se (119.2 )ig 1'') of the group with 
symptoms was lower than those with amalgam fillings but 
without symptoms (130.3 Mg T The latter group showed no 
significant dilTerence from those in a control group without 
amalgam fillings. 

Studies by Burguera and co-workers have given data on 
element concentrations in teeth and bones. Reference values for 
elements in deciduous teeth of Venezuelan children were 
reported,'* They collected 67 teeth from children of mean age 
7.3 y» powdered the teeth ax^ analysed the samples for Ca, Mg, 
Sr and Zn by FAAS and Cu and Pb by ETAAS. There were no 
significant (Ufferenoes in composition with age and sex and only 
for Sr was there a significant difference between different tooth 
types. However, it should be noted that Rahman et al.^ 
collected tooth samples from children at 9 primary schools in 
the Karadii region and showed that incisors bad significantly 
higher leveb of Pb than either molars or canine teeth, an 
observation that is consistent with most previous studies. 
Positive correhitions were found for Sr— Gu, Sr-Pb and Sr-Zn 
and n^ive correlations for Ca-Pb and Ca-Za. A wide range 
of Ca and Sr oonoentrattons in human bones was found in a 
further study.''" Bone samples taken from patients having 
repahs to bone fractures were digested and the Ot and Sr 
determined by FAAS with a Ufi-CiUj flame. Hie ranges 
found were 100-650 mg Ca g**' (mean: 253 mg g~') and 16- 
81 pg Sr g~' (mean: 33 (ig g~ There was a significant decicase 
in both elements concentrations after age 55 y for males, and 
after 45 y for females. 

In a study of nutrition in trauma patients during continuous 
renal reptarament thecapy, Klein et o/.^ found significant loss 
of Ca and Mg which was not compensated for by the amount 
present in staixlani parenteral nutrition formulae. They 
measured Ca, Mg, N and Zn in urine, effluent and dialysate 
to assess output and calculated input from intake records. Hie 
metals were determined by AAS and urea N by conductivity 
changes after addition of urease. Urea N was removed in 
amounts similar to those in normal kidney funcdon and the Zn 
supply was adequate. In a study of Se and Zn nutrition in 103 
elder^ New Zealand women, de Jong etaL^ found that mean 



plasma Sc (0.85 ± 0.23 pmol P ') and Zn (12.4 ± 1 .4 pmol T ') 
were evidence of suboptimal status. Estimated dietaiy intakes 
were 34 ± 10 |ig Se and 8.7 ± 2.0 mg Zn. 

A technique for studying the binding of metals to proteins in 
blood fractions was developed by Pomazal et al^^ They 
combined hydrophobic interaction chromatography to sepa- 
rate the proteins in plasma and in tyscd erythrocytes with off- 
line ETAAS measurement to determine Co, Cr, Cu, Fe, Mo, Ni 
and Zn in 4 ml fzacttons. The metal profiles obtained wens 
compared with the protein chromatograms. 

In an attempt to understand how metal ions released from 
nickel-based alloys are accumulated in cells^ Messer and Lucas^ 
exposed human gingival fibroblasts in vitro to Be^"*", Cr^'*', 
Cr Ni^* and Mo* for 72 h and measured these dements by 
AAS in cell fractions. The Cr^"^ concentrated in the low-density 
molecule fractions and plasma membrane fractions which, they 
conch^ed, corresponded to its inability to readily cross 
membranes. The highest Cr^*** conoentratbns were found in 
the plasma membrane and nuclear fractions followed by the 
mitochondria firaction. This, th^ indicated, corresponded to 
oxidation by Cr^*^, giving Qr^ which accumulated at the 
membrane. Penetration of 0-^"^ unchanged into the nucleus 
altered nuclear and mitochondrial functioa The Ki^* con- 
centrated m the cytosol fraction. 

Concentrations of seven trace elements in the cervical mucus 
of 45 healthy Taiwanese women were reported by Chuang 
et fl/."'. Measurements of Cd, Cr, Cu, Fe, Ni, Se and Zn were 
made by ETAAS. A significant positive correlation was found 
between age and Se concentration. Significant differences were 
fouiul for Ni between four different age groups, but none for 
the other elements. 

1.4 Developments in siagle element techniques 

Ji and Ren^ developed the microsampling teiMque in FAAS 
further by taking the derivative of the signal. For Cu and Zn in 
100 pi volumes, the LODs at 13 and 8 pg r\ respectively, were 
4.5* and 6.5-fold better than with conventional peak meastire- 
menL The method was applied to the determination of Cu and 
21n in the serum of rats. Aocuiacy was shown by good recovery 
of standard additions and by analysis of a digest of a Porcine 
Liver CRM. 

A direct flame solid sampling technique for analysis of 
powdered biological samples by FAAS was developed by 
Flores et al.^ A we^ed amount was transferred to a small 
polyethylene vial in a glass chamber. A flow of air through the 
chambear carried the powder as an aerosol into a flame-heated 
T-cell in the optical path. The integrated signal was propor- 
tional to the amount of the element in the sample. This 
approach was applied to the determination of Cu in bovine 
Ihttr samples which were grotmd to a particle size less than 
80 pm diameter. Results coED^Mied well with those obtained 
after sample digestion and conventional FAAS. 

The ttmgsten^U aiomizer was used hy Silva et al^ to 
determine and Ea in digests of sheep faeces. These elements 
were used as marken to detennine the passage rate of feed 
through the animal's digestive tract Samples were digested in 
HNO3-HCIO4 and the results were compared with those 
obtained by ETAAS with a graphite furnace. Results for Dy 
were not good in the graphite furnace because of memory 
effects from carbide formation: Eu was not affected in this 
way. The LOI>s in the tungsten-coil atomiser (6.9 \ig P* for Dy 
and 2.1_pg i" ' for Eu) compared with figures of 2.2 pg T * and 
5.2 pg r \ respectively, for the graphite furoaoe. The lifetime of 
the W-coU (200 firings) was Mold higher than for a graphite 
tube in these determinations. A permanent modifier of Rh 
was investigated by Zhou et al. for its suitability for the . 
determiiiation of Pb in blood and urine by tungsten-coil 
ETAAS. They found that the Rh not only effectively stabilised 
Pb in die pyrolysis step but also helped the removal of 
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carbonaceous residues in the cleaning stage. Thus the power in 
the final stage could be reduced, i^cb extended the lifetime of 
the filament to over 300 firings. Direct calibration with aqueous 
standards was possible and accuracy was verified by the 
analysis of CRMs. 

A Mrmanem modifier of iridium was found by Grinberg 
et al. xo be suitable for the determination of Cd and Pb in 
digests of tissue by FAPES. Matrix intexferaice was compen- 
sated for by standard additions calibration. 

High sensHivily in the determination of chromium in serum 
was achieved by Ezer ei a!}^ using ETA>LEAFS. A tunable dye 
laser coupled to a Ijequency doubling crystal produced 
radiation at 236.^ nm to excite Or to fluoresce at 302^ nm 
and 357.9 nm. An LOD of 4 ng obtained in water using a 
20 ^ sample injection was limited by the blank signals from 
traces of Cr in the graphite material The technique was applied 
to the determination of Cr in gastrointestinal perfusate and 
serum samples in a study of rats subjected to heat stress; 
samples were diluted 1 + I and 1 + 49 with deionised water, 
respectively. 

Camero et d.^ described the use of tungsten probes to 
introduce samples into a graphite furnace in a method for the 
detomination of Cu in human ggmtnal [dasma. The probe 
loaded with a volume of the undigested saxnple was introduced 
into the graphite tube and heated by radiant heat to dry and 
pyrolyse the sample and then atomise the Cu. The LOD (4.8 pg) 
was better than that obtained with add-digested samples 
introduced with an autosampler (11.2 ^ but reproducibility 
was not as good because of the heterogeneous distribution of 
Cu in the matrix. Ultrasonic stiiring prior to analysis improved 
the precision. 

A new approach to immunoassay is to use atomic spectro- 
metry to measure the metal in metal chelate-Labellcd anti- 
bodies. The use of metal-labelled antibodies is now common 
but detection is normally by time-resolved molecular fluores- 
cence spectrometry. Zhang et a/.'* used ICP-MS to measure Eu 
in the determination of thyroid-stimulating hormone (TSH). 
The TSH was captured by anti-TSH monoclonal antibodies, 
immobilised on a solid support labelling agents containing 
En were then added and unboiud rcactants washed away. The 
Eu was extracted with 1% v/v HNO3. The predsion within* 
and betwecn-batch was better than 10% RSD and results 
carrdated wdl with those obtained by nidiohnmunoassay. In 
their method for alpba-fetoprotein (AFF) in serum, Wang 
et aL^^ used a Cd-cfaelate as a labd and detenmned Cd by 
ETAAS. Results compared well with those found by time- 
resolved fluoroimmuDoassay. Inductively-coopled plasma MS 
allows the determination of more than one element at the same 
time. Quinn et alP have tfaerefoEre investigated the possibility 
of measuring more than one anafyte by immunoassay by »Mii»£ 
tagging with different elements. They showed that they were 
able to determine two proteins at the same time in this way. 

\S Refeienoe materials 

Parsons et al^ described the preparation and validation of 
four reference materials for lead m blood and four for lead In 
urine. These were circulated to 21 sefected labomtorxes to 
obtain certified values. These laboratories used ETAAS» 
ASV and ICP-MS to deteimme Pb. The certification of the 
blood samples was satisfactory but the analysis of the urine 
RMs gave more problems, particulariy at concentrations above 
600 pgr'. 

1.6 Hair and nafl analysis 

Washing procedures for removing externally-bound elements on 
hair were examined by Morton et al?^ In experiments with 
simulated sweat spiked with toxic elements, they fouiK) that the 
elements As, Hg, Sb and Se were irreversibly bound and were 



not removed by any of the washing procedures examined. 
However, Cd, Cr and Pb were removed by washing with 0. 1 M 
HQ. The hair samples were digested with HNO3-H2O2 and the 
elements determined by ICP-MS. In a separate study'^ they 
showed that it was not possiUe to diflerentiate between 
exogenous^-boimd and endogenous inorganic Hg and methyl- 
mercury. Maurice et al.^ showed that exogenously applied Tl 
was removed by soaking in water for 24 b or by using the IAEA 
recommended method using successive washes in water, 
acetone and water. These procedures led to no significant 
dififerenoe in results on a hair sample from a Tl-poisoned 
patient in which the tl was tightly bound in the hair structure. 

A micro- scale digestion procedure for detennination of As in 
hair was developed by Flores et al.^ The procedure of washing, 
reagents addition, digestion and completion to volume were 
carried out m small disposable polypropylene vials. Digestion 
was with H2SO4-HNO3 with microwave heatbg and then 
determination by HG-AAS. However, recovery was not 100%, 
but the addition of HCl at a .specific stage in the heating 
programme improved recovery and gave satisfactory results. 
Kamogawa et alT^ preferred direct analysis using slurry 
atomisation. Samples were pulverised by cryogenic grinding 
for 13 min and shxrried in 0.1% v/v CFA'C, a nuxture of 
tertiary amines. The elements Cd, Ox and Pb were determined 
by ETAAS. 

The longitudinal distribution ot thallium in hair was studied 
by Maurice et using ICP-MS with ID and ETV. Of the 
several methods they tried for handling small hair samples, the 
most successful was to glue three strands together with 
pressure-hardening glue (superglue). This was then cut ioto 
10 mm segments and inserted with a solid sample injector into 
the furnace. Measurements on the hair of a Tl-poisoned patient 
gave a concentration of 0.4 ^ g~' at the root, which fell to 
0.01 Mg g^ ' at the end of the hair. 

Saad and Hassanieo'^ used H&AAS in their study of 
arsenic concentrations in the hair of Egyptians not occupa- 
tionally exposed to As. The concentrations ranged from 0.04 
to 1.04 pg g'' with 43% above a quoted reference range 
(<0.25 pg g'*). Concentrations in children and adolescents 
(mean 0J5 pg g~ ') were significantly higher than adults (mean 
0.23 pg g~'). Principal sources of exposure were found to be 
smoking, and fish and animal protein in the diet. 

Morton et cd^ achieved a straightforward procedure for 
spedation of mercury in hair after cold digestion overnight 
with HNO3-H2O2. The digest was separated by HPLC on a 
Qb revcned-phase column with S% CH)OH-0.1% 2-mer- 
captoetbanoM).06 M ammooinm acetate and the spedes 
detected by ICP-MS. They reported that Hg was lost when 
microwave pressure digestion with HNCVH2O2 was used. In 
their method, Chen et al}^^ used ETAAS for measurement. 
For total Hg, the sample was digested with HNOj, the Hg 
complescBd with 2,3-dixiiercaptopropane-l-sulfonate at pH 5-6 
and preconoentrated onto SepFak Cib cartidges. This method 
would measure down to 0.06 pg g^'. Metbybnercury was - 
determined by extracting first with 2 M HO for 1 h with 
ultrasonic assistance and then measuring Hg in the super- 
natant The remaining hair residue was used to measure 
inorganic mercury. The sum of the measured methyhnercury 
and inorgank: Hg was close to the measured total Hg. Dietz 
and Bayona'^ determined methyhnercury in hair by GC with 
CVAFS detection after acid-digestion, aqueous ethylatton and 
headspace solid-phase microextraction sampling. The LOD 
was 50 ng g*' for 100 mg of hair. The mean methyhnercuiy 
concentration in an urban Spanish population was 0.76 ± 
0.73 pg g~ Mercury in the hair of gold mining commimities 
in the Philippines was measured by Murao et dl}^^ using a 
standardless PDCE method. Amalgamation and smelting are 
usually done inside houses, especially in the kitchen. Hair levels 
of mercury in the women were higher than in the men as the 
women often did the processing and stayed longer in the house. 
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Conceatrations of 19 dements in the rn^nn hair of 24 
thoroughbred radng horses were dctennincd by ICP-AES in a 
study repoited by Assano et a/.'^ No significant difTcrcnces 
were found between male and female. There were significant 
positive correlations with age for Gd and Mo and negative 
correlations for Fe, Hg and Mh. 

1.7 Drugs and pharmacenticals 

Interest in determining the toxic and essential trace elements in 
Chinese medicinal materials continues. Chen et aO^ described 
a simple, rapid method for the detexmination of Hg using a 
pyrolysis unit coupled to an AA spectrometer. Direct analysis 
of 20 mg samples down to 66 pg Hg was possible. The results 
compared well with those obtained by CVAAS and ICP-MS 
after digestion. The same group has used moveable reduction 
bed hydride generation with ICP«MS to simultaneously deter- 
mine As, Ge, Hg and Se in medicinal materials.?**^ mtrasonic 
shirry sampling was developed by Amin et aO^ to introduce 
herbal medirinHl samples into a molybdenum-tube atomiser for 
the determination of Mn by ETAAS. The slurry medium, 10% 
glycerol, also acted as a modifier in removing matrix 
interference. Comparison of results with those obtained after 
acid digestion showed good agreement. Data obtained by 
Dong and Zhu"^ on the Suxiao Jiuxin pill by FAAS showed 
that it was rich in Ca, Cu, Fe, Mg and Zn, which may have had 
a beneficial effect in its use in creating coronary heart disease. 

Hem*'*' studied the absorption and elimination ofahiminium- 
coniaining adjuvants in pharmaceuticals. In vitro studies had 
shown that citric acid, lactic acid and malic add in interstitial 
fluid are capable of dissolving Al from the adjuvants, 
amorphous AIPO^ and crystalline A1(0H),, with more rapid 
dissohition from AIPO4. Experiments on rabbits with "A1- 
labeOed adjuvants administered intnunuscularly followed by 
measurements with AMS showed that ^Al was present in the 
blood after 1 h. The integrated blood Al response over 28 d 
revealed 3-fold more absorption from AIPO4 than from 
A1(0H)3. 

U Marine and freshwater Uokgy 

This section should cover measurcmeots on marine and finesh- 
waicr organisms relevant to emrironmental effects. These also 
alTect the quality of seafood and fteshwater fish and it is often 
difficult to distinguish what relates to this section and what is 
the province of the foods section. Thus, the very iropartant 
subject of accumulatioii of Hg m fish, which is pertinent to 
human dietary intake of Hg, is dealt with in section 2.9.5. 

Using XRF, Carvalho et aL^^^ measured IS elements in the 
tissues of 15 Delphinus delphis and two 7^su>ps tnncatus 
dolphins from the Portuguese coast of the Atlantic Ocean. 
Lyophilised samples of musde, liver, fat tissue and skin were 
pressed mto pellets for measuremenL Highest concentratbns of 
Cu, Hg and Mn were found in the liver with Se and Zn highest 
in the skin. Concentrations of Co, Ni, Pb, Rb and Sr were low 
and showed relatively little difference between tissues. Con- 
centrations of heavy metals in four fish species from three 
different sites on the Saudi Arabian coast of the Arabian Gulf 
were measured by Al-Salch and Shinwari' ' ' using AAS. Mean 
conoentradons of As, Cd, Ni, Fb and V were 42.7, 4.6, 60.6, 
20.0 and 73.6 ng g wet weight"', respectively, and were below 
limits for human consumption. 

A comparison of extraction procedures for the determination 
of As and other elements in lobster tissue by Brisbin and 
Caruso"^ revealed that microwave-assisted extraction at 75 "C 
for 2 min was generally the best. It was the mildest, fastest, least 
complicated and most reproducible. It gave comparable or 
improved recoveries for all of the analytes measured. However, 
Kirby and Maher' foimd that microwave-assisted extrucdon 
did not always give complete recovery. Th^ used three 



extractions with 1 : 1 CH jOH-HtO at 70-75 °C for 5 min when 
analysing freeze-dried marine animal tissue with detennioadon 
by HPLC-ICP-MS. Whereas quantitative extraction of water- 
soluble As species for dogfish muscle (DORM-2 CRM) was 
attained, efficiency was lower for liver, digestive tract and some 
whole tissue {e.g, mussel). 

The subject o£ arsenic spedation seems to get more complex 
each year. Oeiszinger et a/.'*^ have identified another As- 
containing betaine, trimethylarsoniopropionate, in muscle, 
liver, kidney and lung tissue of a sperm whale, Physeter 
eatwlon, that was beached on an island in the Andaman Sea. 
Aqueous extracts of the tissues were separated by HPLC and 
the As detected by ICP-MS. Arsenobetaine was the dominant 
As spedes in all tissues. 

1.9 Progress for Individiia] elements 

1.9.1 Alumimum. A permanent Ru chemical modifier was 
used by Magalhaes et a/."^ for the detenninadon of Al in 
human serum and urine using ETAAS. The authors established 
that the optimum pyrolysis and atomisatlon temperatures were 
1300 °C and 2300 X for serum, and 1000 "C and 2400 X for 
urine with a graphite tube coated with 500 pg of ruthenium. 
Calibration was performed with aqueous standards and the 
reported LOD was 0.4 ^g 1~* for both sample matrices. 
Atomisation signals were observed to be symmetrical and 
background signals were vay low. The tube lifetime was 
reported to be over 600 firings. 

Sanz-Medel et al. presented a very comprehensive review of 
analytical procedures for the cfiemical spedation of Al in luman 
serum. The group examined in detail experimental and 
instrumental conditions for identification of high Mr (HMr) 
and low Mr (LMr) Al species. Non-chromaiographic separa- 
tion methods coupled with ETAAS were compared with 
chromatographic methods (size exclusion, anion exchange and 
fast protein liquid chromatography) coupled with either 
ETAAS or ICP-MS. Hie reviewers identified that most of 
the serum Al was bound to trdnsferrin, whilst Al in the LMr 
fraction, which represented some 10-20% of total serum Al, 
was associated with citrate or phosphate and as an Al-dtrate- 
phospbate complex. Hailing et al, ' " reported the findings of a 
large study of Al ooncentrations in deciduous teeth. The 
researcfaen detennined Al conoentradons in 323 deciduous 
teeth &om Swedish children using ETAAS. The Al concentra- 
tion varied stgnificantly with tooth type. The mean Al con- 
centration in incisors was 1.05 ppm compared with 0.48 ppm 
in canines and 0.53 ppm in molm. A significant difTerenoe was 
also observed between teeth with and without caries. 

A study of Al exposure in potroom workers from a newfy 
constructed primary Al smelter was undertaken by Roltin 

oil"* Blood and urine Al concentrations were detennined in 
a group of 115 newly employed workers with no previous 
exposure to Al, using AAS. The authors also used AAS to 
determine ambient air Al levels in the potroom. The audion 
noted an early increase in blood Al levels followiqg exposure to 
very low air levels of Al m the woricplace^ and that after 12 
months blood Al teveb reached a plateau. In contrast, urine Al 
levels continued to rise over a 36 month monitoring period, 
reaching a mean value of 49 pg r', which suggested a slow 
elimination rate. Drueke'*' presented a review summarising 
studies on Al absorption using the very sensitive AMS 
technique. The author reported that current estimates of 
intestinal absorpdon of Al were in the range 0.06-0.1% and 
that absorption was influenced by systemic and local factors, 
particularly those with which Al complexed in the gut It was 
argued that lessons learned from the Al studies would provide 
valuable guidance in the siafety evaluation of other potential . 
toxic dements used as therapeutic agents for patients with renal 
failure. Yokel and colleagues^ used AMS to determine the 
entry, half-life and dimination of ^Al from the brains of rats 
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administered a single intravenous infusion of AI. The Ai 
was administered either as an Al-transferrin species or as 
At-dtrate, the major low MW species. The p^ brain Al 
concentnition was 0.005% of the dose irrespective of the Al 
species given. The half-life of elimination of Al from the brain 
was determined to be 150 d. Administration of the Al chelator 
desfenioxamine reduced the elimination half-life of brain Al to 
53 d. The authors concluded that a small fraction of blood Al 
enters the brain and perasts for a considerable time. 

Reuscfae et al reported the tra:gic case of a fatal Al 
encqthalopathy after reconstructive neurosursery. Bone recon- 
struction was performed on a patient, following surgery on the 
iimer ear, using an Al containing bone cement A short period 
afterwards the patient exhibited symptoms similar to dialysis 
encephalopathy and died six months later. Levels of Al 
determined at autopsy in the brain cortex and subcortex by 
AAS were up to 9J pg g'* compared with a 'normal' taain Al 
concentration of <2 |ig g~'. Microscopic examination of 
CNS tissue showed changes characteristic of dialysb associated 
encephalopathy. The authors highlighted the extreme neuro- 
toxicity of Al, which in this case was' caused by about 30 mg of 
Al, a fraction of ^ich appeared to have direct access to the 
brain via the cerebrospinal Quid. Finally, Hem et al.^^ used 
AMS to determine ^Al in blood samples from rabbits 
administered AIPO4 and A1(0H)3 adjuvants. The group also 
examined in vitro dissolution of Al adjuvants by hydroxycar- 
boxytic adds in interstitial fluid. They oonduded that Al 
containing adjuvants administered intramuscularly arc dis- 
solved by interstitial hydroxycarboxylic adds, such as dtrate, 
absorbed into the blood and distributed to body tissues. 

1.9.2 ADtimoDy. A method for the sequential determination 
ofSb^" and Sb^ in biohgical matrices using FI-HG-AAS was 
described by dc Pcna et d,*" The Sb*" and Sb^ ions were 
sequentially extraaed *on-Une* from solid lyophiiised blood or 
liver tissue with 1.5 M CHjCOOH and 0.5 M H2SO4, 
reroectivdy. The released Sb^ was subsequently reduced to 
Sb"^ by on-line reaction with ix^tdne. Reported LODs were 
1.0 Jig r' for Sb^" and 0.5 ng 1"* for Sb^ and recoveries 
between 97% and 103% were obtained from bovine liver 
samples spiked with both Sb spedes. 

Miekdey et al used ICP-MS coupled with oi>-line ion 
chromatography to monitor Sb species in blood, urine and hair 
of leshnuBtiasis patients treated with Mmethylmeglumine 
antimonate. Total Sb concentrations of up to 250 pg r' and 
60 mg g"' creatinine were reported in blood and urine, 
respectively, following 30 consecutive injections of 5 mg Sb per 
kg body wdghL Antimony conoentratioas of up to 24 ^ g" ' 
were determined in the hair of these patients. The parent drug 
was separated from inorganic Sb"' and Sb^ spedes by on-line 
ion chromatography using an anion exchange colunm and 2 M 
or 20 M EDTA, pH 7.4 as the mobile phase. The reported LOD 
for both ion spedes was 1.6 \i% T 

ISJi Aisenk. Methods continue to be described for the 
accurate determination of low levels As in biologlea! matrices 
to monitor both axvironmental and occupational exposures to 
the element Lu et al.^ described a very sensitive method for 
the simultaneous determination of As. and Cd in biological 
macrioBS by HG-AFS. The authors investigated the optimum 
conditions for the generation of volatile hydrides of both As 
and Cd usmg KBH4. The elements were quantitatively deter- 
mined usii^ a double diaimd atomic flooresoence spectro- 
meter with an intermittent flow reactor. Reported LODs 
were 150 ng 1~' and 10 ng r' for As and Cd, respective^. 
The method was used to determine both dements m a range 
of biological specimens. Flores et al^'*^ undertook studies 
to reduce the interference of volatile nitrogen oxide spedes, 
generated by HNOj digestion of hair sami^cs, on the 
determination of As in hair using H&AAS. The researchers 



examined six different digestion procedures and ranked their 
performance based on the recovery of loorganic and organic As 
spedes from spiked samples and on agrecinent with the 
certified valie for a hair CRM. The preferred method involved 
microwave digestion with H2SO4, HNO) and HQ added at 
specific stages in the microwave programme. The digested 
samples were mixed with sulfamic add, diluted with H2O and 
i-cysteine was added as a pre-reductant for As <ktennination 
by HG-AAS. The authors noted that, with addition of sulfamic 
add, results obtained for the hair CRM were in good 
agreement with the certified value, but if it was omitted, 
results were low and high background signals were observed. 
Urea, benzoic add and bydroxylamine hydrochloride were all 
less effective than sulfamic add ID overcoming interferences on 
the As signal. Wu et ai. determined As in human whole 
Hood using HG-AAS in a study to investigate the relationship 
between blood As and antioxidant capadty in Taiwanese 
subjects exposed to contaminated water. A cbemiluminescence 
method was used to measure plasma concentrations of 
superoxide as a marker of reactive oxulants. The authors 
reported a range of blood As levds from 0 to 46.5 pg P with a 
mean value of 9.6 |ig T ' . They observed that blood As showed 
a positive correlation with the plasma reactive oxidant levd and 
an inverse rekitionship with plasma antioxidant capadty. They 
hypothesised that ingestion of As contaminated water might 
cause a persistent oxidative stress in peripheral blood, which 
may be a contributory mechanism underiyiog the carcinogen- 
esis and atherosclerosis associated with chronic As exposure. 

Hinwood and colleagues^ investigated whether 24 h urine 
collections or creatinine correction were necessary for the 
determination of urinary As in population studies of environ- 
mental As exposure. Spot urine samples and corresponding 
24 h urine collections were obtained from 160 volunteers and 
urine As determined by HG-AAS. The authors reported a 
significant corrdation between adjusted and non-adjusted 
urine As levels and conduded that creatinine adjustment 
may not be required for population studies on environmental 
As exposure. 

Apostoli et al^^ examined the efTea of inorganic As and 
organometallic As species; monomethylarsonate (MMA), 
dimethylarsinic add (DMA) and arsenobetaine (AB) on the 
excretion of porphyrin homologues in a group of art ghiss 
workers. Total urine porphyrins were determined by HPIjC 
and urinary As species determined using HPLC-ICP-MS. A 
significantly increased excretion of penta- and uroporphyrins 
was observed which the authon hypothesised was due to the As 
inhibition of uroporphyrin decarboxylase in the haem synthesis 
pathway. They concluded that determination of urine por- 
phyrins may be useful to assess early effects of As exposure on a 
group and individual basis. 

Stemowsky et oL^^ used HG-AAS to detennine As 
concenirations in breast milk of nursing mothers Uvii^ in a 
potentially As contaminated region of lowdr Saxony and in two 
uncontaminated regions. The As concentration was bdow 
OJ |tg r' in moce than 80% of the collected samples. The 
highest measured As value was 2.8 T' determined in a 
sample collected from a rural area. The mean As concentration 
was simihir in all three regions and the calculated daily intake 
for breastfeeding infants was between 0.02-0.06 )ig kg , which 
was far below the WHO limit of daily permissible intake for 
adults. 

Several groups ha:ve reported the results of studies an As 
speciaiion bt biohgical matrices. Kirby and Maher"' described 
a method for the quantitative extraction of water soluble As 
spedes from freeze dried marine biological tissues for deter- 
mination by HPLC-ICP-MS. Optimum conditions for micro- 
wave assisted extraction were triplicate extraction with 50% 
CHjOH-HjO v/v at 70-75 *C for 5 min. Using these 
conditions, extraction of As from the biological CRM 
DORM-2 was around 100%. However lower cxtraaion 
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efBckndes, between 66% and 92%, were reported for liver, 
digestive tissue and whole mussel tissue. The authors concluded 
that efficiency of extraction of As was strongly dq)endent on 
marine animal species and tissue type. Csanaky and Gregus'^ 
compared the urinary and biliaiy excretion of As in five anima] 
species. Rats, mice, hamsters, rabbits and guinea pigs were 
injected with cither As"' or As^, bile and mine samples were 
coOscted and As species separated and qxiantitatively deter- . 
mined using HPLC-HG-AAS. The researchers observed that 
all animal species injected with As^ excreted more As in urine 
than bile whereas, with the exception of rabbits, injection of 
As'" led to more excretion in bile than urine. Aneoic species 
determined in bile were almost exclusively trivalent (As"' or 
MMA'") while both trivalent and pentavalcnt species (As\ 
DMA^, MMA^ and As*") were determined in urine. All 
animal species with the exception of guinea pigs produced 
the toxic MMA'" metabolite, which was excreted in bile. Gong 
et a!?^ investigated the oxidation subility of the recently 
identified As meubolitcs MMA"' and DMA'" in water and 
human urine. Samples of H2O and urine containing the two 
trivalent As species were stored for up to 5 months at 25 ''C, 
4 X or -20 **C. The As species were quantitatively determined 
by HPLC-HG-AFS, which offered LODs down to sub jig P' 
levels for each As spedcs. The authors found that oxidation 
of both MMA"' and DMA'" was matrix and temperature 
dependent In urine, the MMA"^ species was completely oxi- 
dised within a week at 25 X and most (90%) was oxidised over 
the 5 month period at both 4 X and -20 "C The DMA"' 
species was even less stable with compbte oxidation to DMA^ 
within a day at 4 "C and -20 *C The authors conchided that 
both these newly identified metabolites are much less stable 
than other As spedes. 

1.9,4 Bismuth. Burguera et aO^ described a method for the 
determination of Bi in a wide range of biological tissues using 
ETA AS, Sam];^ of approximately 100 mg were microwave 
digested with HNO3-H2O2. Platinum and tartaric acid were 
added to the digested samples as chemical modifiers. The 
addition of 4% wAr tartaric add was observed to improve the 
stabilising efTect of the Pt An LCD of 0.1 \ig g~' and 
characteristic mass of 22 pg were reported. The method was 
validated by detexmioatioo of Bi in whole blood and urine 
RMs. 

1.9 J Boron. There continues to be interest in the quanti- 
tative determination of B in biological matrices. Burguera 
et a£"** undertook a comprehensive cmnparati^e study of 
poteniial chemical modifiers for the quantitative determination of 
B in blood, urine and hone by ETAAS. The group examined the 
efficacy of commonly used chemical modifiers in combinatiop 
with coatiog trBatmcnt of a pyrolyticaily coated graphite tube 
using a longitudinally heated elratrothennal atomiser. Th^ 
observed that many modifiers used with a tungsten-riiodiom 
coating led to erratic and noisy signals, whilst Ni and Pd 
modifiers and a tangsteo-coated tube had too high background 
absorption signals for deteimination of B. Optimum peifor- 
manoc was found with a ziroon-^tric add clwmical modifier 
and a zircon-coated tube. The zircon coating fanproved the 
thermal stability of B, aUowing high pyro^sis temperatures 
without analyte loss, whilst the addition of citric add unproved 
the Aio for B to 282 pg. The reported LOD was 60 pg r'. Hiis 
was reported to be suffidently sensitive for the detennination of 
B in urine and bone but still not sensitive enough for the 
determituition of B in the blood of healthy subjects. The. 
authon used the method to determine levels of B in blood, 
urine and femur bone samfdes from patients with osteoporosis. 
The measured values were in good agreement with previously 
reported values. 

During boron neutron capture tlterapy (BNCT) for cancer, 
the intensity and tnning of irradiadons is determined by 



monitoring "^ concentrations in blood Laakso et a/.'^ des- 
cribed a method for the determmation of B in the blood of 
padents undergoing BNCT using ICP-AES. Whole blood or 
blood phisma samples were treated with TCA for deproteinisa- 
tion before solution nebuli^tion, to determine the B concen- 
tration. Recoveries of B in spiked vfholc blood were between 
95.6 and 96.2%. Erythrocyte B levels were estimated indirectly 
from the whole blood and plasma B levels and the blood 
haematocrit The method was compared with an established 
ICP-MS method, which used a wet digestion procedure for 
sample pre-treatment A good correlation (r = 0.994) between 
the two methods was observed. The authors considered the 
method to be one of the fastest for quandtative deteimination 
of B during BNCT. 

1.9.6 Cadmium. There appears to be a renewed interest in a 
number of elements during this review period, induding Cd. 
Grinberg et al^ selected Ir as a permanent chemical modifier 
for the determination of Cd and Pb u biological tissues by 
FAPES. The authors described the tube coating procedure and 
fumaoe temperature programme for optimum sensitivity and 
minimal badcground signal. Results for the analyses of CRMs 
using standard addltums calibration gave good agreement with 
certified values and LODs of 2.2 ng g"' and 4.1 ng g"' were 
reported for Cd and Pb, respectively, in DOLT-2 and TORT-2 
RMs. 

Several groups have reported leyeb of Cd in human body 
fluids and in heaUhy and diseased tivue. Panayi and collea- 
gues'^' determined levels of Cd and Zo in brain tissue from 
subjects diagnosed with Alzheimer's disease, patients with 
senile involutive cortical changes and healthy subjects using 
ICP-MS. The researchers determined concentrations of both 
elements in 6 brain regions. For Cd, they found no significant 
differences in Cd levels between normal and diseased tissues for 
all brain regions examined. In contrast, they fouixl that Zn 
levds were significantly decreased in Alzhdmer's subjects in all 
regions. 

Paolidlo et a/.'^^ investigated the exposure to Cd and Pb of 
children living in a mining region of BraziL Blood samples, 
taken from children living in both urban and rural areas 
around the mine and assodated refinery, were analysed for Cd 
and Pb using ETAAS with Zeeman-effoct background cor- 
rection. Levels of Cd in blood for most of the subjects were 
below the LOQ of 0.5 pg dl''. Median blood Pb levels were 
11.25 |igdl~' in chiklren living dose to the mine and 4.4 pgdl~' 
in chiMren from more distant rural communities. Satarug and 
colleagues"' detennined Keveb of Cd in urine and tissues of 
Australians with 00 history of occupational metal exposure. 
Tissue and urine Cd was quantitativdy determined uring 
ICP-MS. Mean Cd levels in lung, liver and kidney were 
reported to be 0.13 pg g"', 0.95 pg g"' and 15.45 pg g**', 
respectively. The audiors observed that renal Cd levds were 
bi^MT In females than in males of a shnilar age and with a 
sonilar lung Cd burden, which they hypothesised was due to a 
higher renal Cd absorption rate. Nishijo et ah '^ reported the 
findii^ of an interesting study on the effects of maternal Cd 
exposure <m pregnancy outcome and onCd in breast milk. The 
author used AAS to determine Cd in urine and colostrum milk 
from 57 mothers. Jhsy observed that the rate of preterm 
deUveries was higher in mothers with urine Cd leveb greater or 
equal to 2 nmol mmoP' creatinine. Similarly, birth weight and 
height were significantly lower in infants of mothers with higher 
urine Cd concentrations. The authors also noted a significant 
positive correlation between urinary and breast milk Cd 
concentrations. Th^ conduded that maternal Cd esqxisure 
led to an increased risk of premature delivery and low birth 
wdght 

Research continues on metalhthionein isoforms and Cd 
speciation, Atvarez-Llamas et aL^^ reported a method for the 
separation of rabbit liver mctallothionein isoforms using CZE 
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and UV detection. The authors investigated the effect of 
experimental conditions inchiding buffer composition, ionic 
sttcngth and separation voltage on the resolution of the 
metallothionein species. The eluent from the electrophoresis 
unit was direct^ mtroduoed to an ICP-mass spec t rometer for 
quantitative detennination of Cd in the separated metallothio- 
neb isofonns. The CZ&ICP-MS method was also used to 
determine Cd in metallothionein separated from hepatopanoeas 
cytosol of mussels kept in a metal rich environment 

Fmally, in a very interestmg application of ETAAS, Wang 
and colleagues^ developed a navel sandwich type immmoaxsay 
method for the quantiutive detennination of a-fetoprotdn 
(AFP) in human seium, which used an EDTA-Cd cfadate 
bbelled streptavidin and biotinj^ted antibody. Assays were 
petfonned in standard 96-well microtitrB plates which acted as 
the solid phase carrier. After landing of the streptavidin-chelaie 
to the antigen-«ntibody comfdex and washing of the |ilate to 
remove excess unbound reagent, the bound Cd was dissociated 
from the immune complex by addition of 0 J M HNOs to each 
wdL Ihe dissociated Cd was detennined by ETAAS to 
indirectly quantify the antigen concentration. Conoentralions 
of AFP were detennined in 23 human serum samples usiitg this 
metal chelate method and compared with results obtained by a * 
fluoronnmunoassay method. A good correlation (r «= 0.993) 
was observed between the two methods. 

1.9.7 Caldnro. Burguera Wail^" investigated lheretou>iiift(^ 
betweensex, age and concentration of Ca and Sr in different hone 
types. Bone samples, taken during surgery to repair fractures to 
normal and osteoporotic bone, were add digested and 
concentrations of Ca and Sr determined by FAAS using a 
NzO-CjH) flame. Coeffidents of variation for bone Ca and Sr 
were greater than 40%, reflecting the great beterogendty in the 
data. The authors reported that many women had low mineral 
levels in bone samples and also that there was a decrease in the 
concentration of both elements in bone samples from men aged 
over 55 years and women aged over 45 years. In the different 
bone types examined, they observed lower dement levels in the 
femur head, wfaich they suggested was due to a preferential 
demineralisation of this bone type. 

Stomps* described a novel method for the determination of 
total Ca and Ca iwtope ratios in urine using double focusing 
SF-ICF-MS with a shielded torch. The method was used to 
dctcnnine ^Ca i^'Ca, ^'Ck i^'Ca and ratios in nutri- 

tional studies of Ca absorption using enriched stable isotopes. 
The three isotope ratios were detennined with pxedsions of 
0.25%, 0Ji5% and 0.05%, rcspectivdy. The author conadered 
that the overall uncertainty calculation for a double stabb 
isotope study (administration of enridied *^ and **Ca) was 
mainly controlled by the precision of the measurement of the 
isotope rados, whilst for a mixed stable and radioisotope 
procedure (adminisinition of ^Ca and ^'Ca) overall uncer- 
tainty in measurement was mainly influenced by the measure- 
ment of total Ca by isotope dihition. 

1.9.8 Chromiuin. Isobaric interferences can severely alTect 
the accurate determination of ultratrace levels of Cr in 
biological matrices. Chang and Jiang^ developed a method 
for the determination of Cr in water and urine using ICP-MS 
equipped with a dynamic reaction cell (DRQ. The researchers 
reported a 2-3 orders of magnitude reduction in the intensity of 
potvatomic ion interferences on the quantitative determination 
of "Cr and *'Cr by introducing a 1 ml min" ' flow of NHj into 
the DRC. With this approach, the authors reported LODs of 
0.015 ng ml"^ and 0.024 ng ml** for "Or and 
rcspectivdy. The method was validated by analysis of riverine 
water and urine CRMs, using both external calibration and ID 
methods for quantification. 

In this review period, a number of groups have been 
interested in the rekase of elementd ions from orthodontie 



materials. Agaoghi elnl*'' determined the concentrations of 
saliva and serum Cr and Ni in patients with fixed orthodontic 
apptfancM using ETAAS. Salivary conoentntions of both Cr 
and Ni readied a peak in the first months of fitting of the 
appWyn^g and then dedined, whilst statistically significant 
increases in sexum Cx and Ni were measurable only in the 
second year following fitting. The authors conduded that the 
orthodontic fittings did rdease measurable amounts of both 
elements but both Cr and Ni <fid not reach toxicologically 
important levels in either saliva or serum. 

Ezer et al^ described a novd method for the quantita- 
tive determination Or in water and biological fluids using 
ETA*LEAFS. A tunable dye laser was used to exdte Cr at 
236.471 mn and fluoresoenoe- was measured at 302.2 nm or 
357.9 nm. Samples were atomised firom the wall of a 
pyrolytically coated graphite tube m a conventional graphite 
furnace using an ashing temperature of 1300 °C and an 
atomisation temperature of 2500 "C. The LOD was reported to 
be 4 pg ml' ' for a 20 ^1 injection volume. The auUiors used the 
method to determine Cr in senim samples and gastrointestinal 
perfusate following a 1 + 49 v/v and 1 + 1 vAr dihition, 
respectively, with ddonised water. They also investigated the 
use of MgjlkOyh and Triton X-100 as chemical modifiers for 
quantitative determination of Cr in these matrices. 

Rukgauer and Zeyfang''^ detennined tiie concentration of 
Cr in different blood cell populations &om healthy blood donors 
and diabetic patients using ETAAS. Different blood cell 
populations were separated from whole blood by density 
centrif^gation. Concentrations of Cr were higher in plasma 
(248%), eytiirocytes (61%) and platdets (91%) of tiic diabetic 
patients compared with blood doruns, whereas Cr concentra- 
tions in polymorphonuclear aisd mononudear teucocjrtes were 
35% lower. The authors hypothesised that the high plasma Cr 
leveb in the diabetic patients might exfdain the increased renal 
losses of Cr m diabetes, whilst the decreased lymphocyte levds 
could reflect a decreased body burden of Cr. 

1.9.9 Cobalt. S3nl*An&etaL^ described a novel approach for 
the determination of Co in biological matrices using solid phase 
extraction with polyurethane foam. The Co was extracted from 
an aqueous solution into the polyurethane foam as a Co-SCN 
comjdex. The foam sample was inserted into the graphite tube 
of an electrothermal atomiser for determination of Co. The 
polyurethane foam was completdy pyrolysed using an ashing 
temperature of 550 "C and Co was detennined quantita- 
tively without the addition of any diemical modifier. Calibra- 
tion was with aqueous standards. The method was validated by 
analysing biological CRMs. 

1.9.10 Copper. Ji and Ren" reported significantly improved 
sensitivity for the detennination of Cu and Zn in human serum 
using derivative FAAS vnth a micro-sample introduction 
system. Using a sample volume of 100 pi, the autiiors reported 
LODs of 0.015 Mg tnl~' and 0.008 \ig voT^ for Cu and Zn, 
rcspectivdy, which were 4.5-6.5 fold better Uian LODs 
adiieved by conventiotml micro-sampling FAAS. 

Camero et a/."^ devdoped a metiiod for the (fuantitative 
detennination of Cu in human seminal plasma using ETAAS. 
Untreated seminal plasma samples were introduced into the 
graphite tube with a tungsten probe, which also acted as the 
atomisatioa surface. This saniple introduction method was 
compared with one involving add digestion and hitroduc- 
tion using an autosampler. The authors reported more than a 
three-fold improvement in sensitivity usii^ the tungsten probe 
method (2.4 pg witii probe versus 8.2 pg for digested sample). 
However, they noted that non-heterogeneous Qi distribution 
in the undigested sample affected reprodudbility, wfaidi could 
be unproved by ultrasonic tztatment of tire sample prior to 
analysis. Lima and colleagues'^ also described a method 
for the detennination of Cu in biological matrices using 
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ETAAS. The integxHl platfoxm of the graphite tube alomiser 
was coated with a Rb-W mixture, whidi acted as a permancQt 
chemical modifier. The authors reported that this was as 
effective as a convcDtiooal Pd-MgtNOj)} chemical modifier for 
the thermal stabilisation of Cu in both digested and duny 
samples and remained effective for 250-300 atomisations. 
Furthermore, they noted that there was less wiability in the 
calibration slope throughout the lifetime of the tube^ thereby, 
lessening the requirement for iccalibxation. 

Romero el a£'^' used FAAS to determine Cu and Zn 
conceniratiofii in serum from representative populaiions of the 
Canary Islands, Reported mean Cu and Zn concentrations ware 
1.10 mg r' and 1,16 mg 1'', respectively, wbich were 
comparable with values reported for other Spanish regions. 
However, individuals from Lanzarote had higher serum Cu 
and Zn levels compared with the rest of the islands, which the 
authors attributed to geolo^cal or dietary dlfTcrcnccs. Serum 
Cu concentrations were observed to vary with age, with highest 
Cu levels found in 20-30 year olds; No influence of age on 
serum Zn levels was observed. 

In an interesting study to improve sampling methods for 
monitoring v/hdit body exposure to toxic substances, Wheeler 
and Warren'^ described a standardised approach to measure 
contamination over the entire coveralls of workers applying Cu 
based biocides. Copper contamination on selected areas of 
coveralls was determined using portable XRF and the total 
body exposure estimated by averaging, based on Diricfalet 
tessdlatioo of the measurement locations. This approach was 
compared with a more conventional patch sampling method 
and whole suit digestion as the benchmark reference method. 
Mean absolute percentage error for the tessellation method 
varied between 0% and 20% with the benchmark method. 
However, the authors argued that the tessellation method gave 
much better spatial resolution than cither the whole suit or 
patch test m^ods and that tbb detailed infoimatian on 
patterns of deposition was very valuable for chemical risk 
assessment. Bores and coHeagues'^ described a new direct solid 
sampling device for the determination of Cu in bovine liver using 
FAAS. A sample of frccze-dried bovine liver RM, between 
0.05 and 0.5 mg, was weighed into a small polyetb^ene vial 
which was connected to a glass chamber. The sample was 
transported in air as a dry aerosol into a quartz T-cell 
positioned immediately above the flame of the spectrophoto* 
meter. The transient Cu absorbance signal was integrated 
over a 3 s period for quantitative determination of Cu in the 
sample. The results obtained by this method were in good 
agreement with the certified value and with results obtained 
using acid digestion of samples and conventbnal solution 
nebutisation FAAS. 

1.9.11 Lead. Lead continues to be Me of the ma/or elements 
of interest in relation to etvtironmental and occupational 
exposures, Grinberg and de Campos^*'^* described a method 
for the detennination of Pb in whole blood, urine and 
biological tissues by ETAAS, in which Ir coating of the 
graphite tube was used as a permanent chemical modifier. The 
coating was sufficient for up to 1100 filing without loss of 
analytical sensitivity. Blood and urine samples were diluted 
with 0.2% HNOrO.1% Triton X-100 and matrix matched 
standards were used for calihratira. The method was validated 
by analysing a range of CRMs and commercial quality control 
materials. Zhou et a!.^ investigated the use of Rh as a 
permanent chemical modifier for the detennination of Pb in 
biological fluids using ETAAS with a tungsten filament, 
atomiser and self-reversal background correction. The filament 
was simply conditioned with an Rh sohition to provide a 
permanent coating for the determination of Pb in whole Uood 
and urine matrices. The authors noted that the Rh coating not 
only stabilised Pb during the ashing stages but also improved 
the remorol of carbonaceous residue during the dean-up 



phase, thereby extending the filament lifetime beyond 300 
firings. Aqueous standards were satisfactory for the determina- 
tion of Pb in whole blood, but for the quantitative determinar 
tion of Pb in urine, matrix matched calibration staixlards were 
necessary. Reported LODs werv 1.5 <fl~* &nd 27 pg for 
blood and urine, respectively. The method was validated by 
analysing CRMs and samples' from proficiency testing schemes. 

Parsons et al?* described the preparation and validation of 
RMs for the determination of Pb in blood and urine. Four 
candidate materials of each matrix type, containing Pb at 
clinically relevant conoentratiotis, were distributed among 21 
specialised laboratories. The laboratories used ASV, ETAAS 
and ICP-MS to determine concentrations of Pb in the samples. 
The results from two interlaboratory comparison exercises 
were used to assign 'certified' values and uncertainty estimates 
for these RMs. The authors noted that certification of the urine 
RM proved troublesome, particularly at concentrations above 
600 Mg r'. Fast portable techniques for the determination of 
blood Pb have become conuncrdally available, potentially 
takmg analysis out of the specialised laboratory and to 
the *point of care*. Pineau and colleagues'^' compared the 
analytical performance of a portable blood Pb analyser, the 
Leadcare system, with a validated method using ETAAS. 
An overall correlation coefficient of r «= 0.95 between the 
methods was reported for the analysis of 76 samples from 
occupationally exposed workers. The authors considered that 
the Leadcare system was satisfactory for initial screenmg 
purposes, but cautioned that the system requnied unfrozen 
samples collected less than 24 h before analysis. 

Haraguchi et al. used ETAAS to determine concentrations 
of Pb m fresh-frozen and formalin-lbced brain tissue of subjects 
with diffuse neurofibrillary tangles with calcification (DNTQ, 
a form of presenile, dementia. The researchers reported higher 
Pb levels in DNTC brain tissue and hypothesised that Pb 
neurotoxicity might be involved in the pathogenesis of 
DNTC Erfurth et al, *^ investigated the effect of Pb exposure 
on the endocrine system in groups of active and retired lead 
smelter workers. Whole blood and plasma Pb concentrations 
were determined using ETAAS and ICP-MS. Finger bone Pb 
levels were determined using K-XRF. Levels of pituitary and 
thyroid hormones in serum were determined by immunoassays. 
One sub-group of workers and a corresponding control group 
were challenged with gonadotrophin- and thyrotropbin- 
releasing hormones and sUmulated levels of pituitary hormones 
were measnied. For> the non-dudlenged group, the authors 
observed no significant association between blood, plasma or 
bone Pb concentrations and the measured hormones. However, 
in the ghallengp^ group they reported significantly reduced 
leveb of foUidB-stimulating hormone. They concluded that 
moderate exposure to Pb was associated with only minor 
changes in xniale endocrine fVmction. particularly the hypotha- 
iamio-pituitaiy axis. Sonmez et al. investigated the edect of 
chronic low level Pb exposure on renal tubuhir function in a 
group of teenage workers in an auto-repair shop. Bbod lead 
levels were detennined by AAS and urinary /Aacetyl-/!- 
ghxcosaminidase (NAOX a marker of renal tubular damage, 
was determined by a colorimetric method. Levels of blood Pb 
and urinazy NAG were compared with a non-exposed control 
population and a group of adult lead battoy workers. The 
mean Uood Pb level in the adolescent workers was 8 pg dP 
wfakh was higher than the cononl group (3.49 pg dl ') but 
significantly lower than the battery workers (25J pg dl'*). 
Urine NAG was also significantly higher in the youths than in 
controls (4.71 Ug'* creatinine vcrmr 3.07 71 U g"' creatmine). 
The authors concluded that chronic low-level Pb exposure was 
assodaled with eariy renal tubular damage in the young 
workers. Smith and colleagues'^ studied the bngitudinal 
relationship between blood and plasma Pb in a group of 
women of reproductive age living in Mexico City. Samples were 
taken using a 'metal-frcc' sampling technique and levels of Pb 
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in both whole blood and plasma detennined by HR-ICP- 
MS. Repeat blood samples were taken from a subset of the 
study population, either weekly for a four week period or 
monthly over a 9 month period. The authors reported a posi- 
tive curvilinear reladonship between plasma and blood Pb over 
the measured blood Pb coaicemnition range (2.13-39.7 pg dl' 
They noted that the within-subject and between-subject 
variance components were not statistically significantly differ- 
ent between the short term repeat sampling and long tenn 
repeat sampling sub-groups. They reported that the relative 
partitioning of Pb between whole blood and plasma naturally 
varies by 2-4 fold at a given blood Pb concentration. Tbey 
concluded that measurement of plasma Pb may be used 
clinically, providing 'tntce-metal dean' samplio^ proGedores 
are used. 

Rahman et alJ^ studied chronic Pb exposure in children 
from Karachi by determining Pb levels fn deciduous teeth using 
ETAAS. A total of 309 teeth were collected Irom diildrcn at 
nine primary schools in the Karachi region. The Pb levels 
ranged from 0.42 pg g"' to 39.7 pg g"' with a mean value of 
5.78 pg g~'. Incisors bad significantly higher levels of Pb than 
either molars or canine teeth. Significant variation was also 
observed in the levels of Pb in teeth taken from children at the 
difTcrcnt schools. In another study, Tsuji et a!, used ETAAS 
to determine Pb levels in dentine chips taken from exfoliated 
deciduous teeth of First Nation school children in a remote 
region of northern Ontarid. The group reported a mean Pb 
concentration of 92 \ig sT^ and found no difference in Pb 
concentrations between different tooth types. What is of 
interest to this reviewer is the observation that the levels 
determined in this remote population are similar to those 
reported for cfaUdien from urban environments, althougli the 
sources of Pb exposure may be quite different In this case the 
exposure source was hypothesised to be from Pb contaminated 
wikl game, which still constitutes an important food source for 
this population. 

This review period has again seen much aetMiy in the in vivo 
determtnatUm of bone Pb by XRF, As part of a US normative 
ageing study, Ehnarsatawy et a!,^ investigated the ride factozs 
for elevated boxie Pb in rdation to occupation. The researchera 
detennined bone Pb and blood Pb levels in 656 American 
workers using K-sheU XRF and ETAAS, respectively. Subjects 
were categorised into white coUar or bhie coUar workers and 
none had been engaged in a primary lead industry. A 
multivariate regression model, "wbkh adjusted for confounding 
factors, showed blue collar workers to have tibia and patella 
bone Pb levels respectively 5.5 pg g'' and 6.5 pg g~' higher 
than white collar workers. Tibia and patelki Pb levels were even 
higher in non-white blue collar workers. The authors concluded 
that bone Pb levels are higher in blue collar woricers even if they 
have not been occupationally exposed to .Pb. Gomaa et <d}^ 
determined maternal bone Pb and umbilical cord blood Pb 
levels in a study to investigate risk factors for infant mental 
development. Maternal tibia and pateUa bone Pb concentra- 
tions were measured in 197 women, within 4 weeks of giving 
birth, using K-shell XRF. Umtalical cord blood Pb concentra* 
tions were detennined by ETAAS. Afrer adjusting for 
confounding factors, the authors reported that Pb levels in 
both umbilical cord blood and trabecular bone were signifi- 
cantly and independently inversely associated with the Bayley 
mental development index scores. They concluded that high 
maternal trabecular bone Pb levels are an independent risk 
factor for impaired mental development in very young infants. 
They attributed the effect to mobilisation of maternal Pb bone 
stores. The study of Tellez-Rojo etoL^is particulariy pertinent 
to this previously described study. They investigated the 
hypothesis that lactation stimulates release of bone Pb. He 
group determmed tibia and pateUa Pb leveb using K-shell 
XRF. Blood samples v(«re collected from 425 lactating women 
at delivery and at 1, 4 and 7 months post partum. Pb 



concentrations were detennined by ETAAS. The mean Uood 
Pb level at deliveiy was 8.4 pg dl'^ and mean cortical and 
trabecular bone Pb levels were 10.6 y% g'* and 15.3 Mg S''> 
respectively. The authors estimated that women ^o exclu- 
sively bre^ fed had blood Pb levds that were increased by 
1.4 pg dl~ ' in relation to those who had stopped and concluded 
that their findings supported the hypothesis that amount of Pb 
released from bone is directiy related to lactation. Finally, 
Todd and coUeagues^^'**^'^* presented a highly relevant 
scries of papers in which they sought to validate the in vivo 
mcastirement of Pb in bone using K-^ell and L-shellXRF. The 
group measured titaa bone Pb concentrations in intact and 
dissected human cadaver legs using both techniques. They 
compared the XRF results with results obtained by ETAAS, 
following add digestion of samples taken from the same 
regions of the tibia. The authors reported the following key 
observations. Surface Pb concentrations were approximately 
5 pg g~' higher than core Pb concentrations in bones with a 
low Pb content and approxunately 8 ^g g'' higher in bones 
with a high Pb content Core tibia Pb concentrations deter- 
mined by ETAAS ranged from 3-19 pg g~' compared with 
values of 2-35 pg g'' determined by K-shell XRF. No 
significant difimnce was observed in bone surface Pb 
concentrations detennined by the two techniques but XRF 
significantly overestimated core tibia Pb concentrations. Agree- 
ment between tibia Pb concentrations measured by L-sheli 
XRF and HTAAS was good when XRF measurements were 
made on bare bones but poor for XRF measurements made on 
mtact legs. They coxisidered all these observations had 
important consequences for non-invasive bone measurements. 
Indeed they expressed considerable concern over the use of 
L-shell XRF for bone Pb measurements. 

1«9.12 Manganese. Torra and colleagues'^' used ETAAS 
to deteimine serum Mn levels in healthy subjects, aged between 
15 and 90 y, from Barcelona. The authors established 'a hfn 
'r^erence* bUervalofOJ pgr^'^.S pgr\ with a 95lh percentile 
vtdue <J,8 pg r'. They observed no significant relationship 
between serum Mn concentration and gender, but noted that 
sertm Mn levels were neariy three times higher in the yoimger 
than in the older population. Corriera et al^ described a 
method for the simultaneous determination of Mo and Se in 
serum using simultaneous ETAAS. Serum samples were simply 
diluted 1 + 3 v/v with 1% HNOr^.1% Triton X-100 and both 
Pd and Mg(N03)2 were added as chemical modifiers. The 
authors noted that injection of 15 pi of an oxidant nuxture 
(HiOr-HNOj) nnmediately after the drying step, and a low 
ashing temperature of 400 markedly reduced the build up 
of carbonaceous residue in the graphite tube. The LODs for 
a 15 pi injection volume were reported to be 6,5 pg and 50 pg 
for Mn and Se, respectively. 

1.9.13 Mereaiy. This review period has seen considerable 
activity in the development of methods for the determination of 
total Hg and Hg spedes in a variety of biologicai matrices. 
Gdaude et al. described a solid sampling method for the 
determination of inorganic Hg and methylmercury in biologi- 
cal samples by ETV-ICP-MS. The authors considered the solid 
samplir^ <^proach had many advantages in that contamination 
rides and anafyte losses were kept to a minimum and, most 
hnportanUy, the chemical forms of Hg were maintained in their 
original state withm the sample. Solid samples were introduced 
into a 'boat-m-tube* giaphite furnace and heated to sequen- 
tially vaporise methyhnercury and inorganic Hg. Quantitative 
determination of the Hg peaks was achieved using ID with 
isotopically eniichod ^°^g in a stable argon flow, generated 
using an *in-house* manufactured permeation tube. Dressier 
et al devdoped a method for the determination of total Hg 
in blood and urine using CV-AAS, with on-line separation and 
preconoentration of the analyte. Blood and urine samples were 
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microwave digested in closed vessels using HN0]-Ha04. The 
digested sample was complexed with 0.0-dietbylditiuoplios- 
pbozic add (DDTP) and adsorbed onto a silica Cia column. 
The complexed Hg was subsequently eluted firom the column 
with CHjOH and reacted *on-line' with NaBIlt for quantita- 
tive detennination by CV-AAS. The authors described 
optimum conditions for *on-line' pre-concentration and cold 
vapour generation. The reported LOD was 20 ng and a 
sample throughput of 24 samples h~' was achieved. The 
method was validated by analysixig a urine CRM and spiked 
blood samples. BettineUi and colleagues'^' also described a 
method for the determination of total Hg in urine using FI-CV- 
ICP-MS. Samples were microwave digested *on-line' using an 
oxidation mixture of KBr-KBrO) and final oxidation with 
KMn04. Hie reported LOD was 0.03 |ig r\ which was an 
order of magnitude better than the LOD of 0.2 pg achieved 
using FI*CV-AAS. The authors reported quantitative recovery 
of phenyimercury chloride, dimcthylmercury, mercury acetate 
and metbyhnercuiy chloride from spiked samples. They con- 
sidexed the method to be suitable as a Reference method* for 
the determination of Hg in urine at the very low concentrations 
found in non-exposed subjects. 

Three groups reported methods for the determination of 
Hg in hair, Wang et oA*'^ investigated optim\mi conditions for 
the determination of total Hg in hair by CV-AAS. Hair was 
digested under pressure with HNO3-H2SO4-H2O2. Mercury 
was reduced to Hg^ with SnOi for quantitative determi- 
nation. Under the optimum conditions established, an LOD 
of 0.5 pg was reported. Results of the analysis of hair 
CRM gave values between 95% and 102% of the certified value. 
Morton et al^ determined both inorganic Hg and meth^- 
mercury in human hair using HPLC coupled to ICP-MS. Hair 
samples were cold digested with HNOy-HiOi (2 : 1 yfw) and a 
minimum mass of 100 mg was required for accurate quan- 
titative determination. The authors investigated the effec- 
tiveoess of different washing procedures to remove exogenous 
contamination and established that soaking hair with a 
simulated sweat solution followed by washing with O.l M 
HQ was effective at removing methylmcrcury from hair. Diez 
and Bayona'^ described a method for the determination of Hg 
species in human hair using GC-CVAFS. Following add 
digestion the Hg species were ethylated and extracted from the 
digest by headspace solid^pbase micro-extraction for quanti- 
Uitive determination by GOCV-AFS. The authors presented 
optimised conditions for ethylation, extraction and chromato- 
graphic separation. They reported LODs of SO ng g~' and 
80 ng g" * for meth^meicuty and Hg''^ species, respectively, in 
a 100 mg sample. The method was validated by analysis of an 
NIES hair CRM. 

Rodil and colleagues*^ also coupled soHd-phau mkro- 
extraetion with GC for quantitative determinaiian qf methyl' 
mercury in biohgieal matrices by MJP-AES, In their method, 
biological samples were microwave digested witii 3 M HQ 
followed by derivattsation and solid-phase micro-extraction on 
a silica capillary colunnn coated with polydhnethylsiloxatte. 
Optimum conditions for derivatisation and extraction were 
pH5, 100 X and 15 min sorption tiinc. The method was validated 
by analysmg a range of biological CRMs. Dietz et aL*^^ 
described a similar sample separation technique for the 
detennination of Hg species by MIP-AES. Microwave digested 
samples were derivatiscd for oyogenic trapping and GC 
separation on the same capiUaxy column. The derivatisation, 
trapping and chromatographic steps were semi-automated and 
regulated by a control unit developed by the researchers. 
Reported LODs for the Hg species dimethyhnercury, methyl- 
mercury and ctbyhnercury were 6 ng 1"', 0.95 ng 1"* and 
1.25 ng r\ respectively. A complete analytical cycle was 
15 min. The method was validated by analysing the CRM BCR 
710 and was used to determine Hg species in a range of marine 
biological materials. A second Spanish group, da Rocha etaly^ 



described a method for the separation and detennination of Hg 
species using. C£ and generation of volatile species wiUi 
detection by ICP-MS. Inorganic Hg. MeHg and etiiyfanercury 
species were separated as Hg-cystcitte complexes on a fused 
siUca capillaiy using a sodium tetraborate dodecahydrate 
buffer. Separated spedes were reacted on-line witii NaBH4 and 
detected using either quadrupole or double focusing SF-ICP- 
MS. LODs in the low pg r' range were reported for the Hg 
species. The method was evaluated by analysing the CRM 
DOLT-2, 

Ramalhosa et al^^ described a rapid alkahoe microwave 
digestion sample preparation procedure for the determination 
of methylmercwy in biological samples by HPLOCV-AFS. 
Samples were microwave digested in a methanolic KOH 
solution and subsequentiy reacted with CH2Q2 to reduce 
matrix interference effects on the determination of methyl- 
mercury. Elimination of matrix interferences was checked by 
comparing the slope of aqueous calibrations with standard 
additions calibratioa The LOD for the method was 10 pg kg~ ' 
and the RSD was <8% for meUiyfanercury concentrations 
between 0.15 and 3 mg kg*'. Good agreement with certified 
values were reported for two marine biological CRMs. 

The research group of Ask et al investigated levels of 
inorganic Hg and methylmereury in placentas of Swedish 
women. They determined Hg concentrations in pkicenUil tissue 
and maternal and cord blood from 1 10 women using alkaline 
solubilisation and reduction of samples with quantification 
by CV-AFS. The authors observed that placental levels of 
inorganic Hg increased with increasing number of dental 
amalgam fillings. They also noted that methyhnercury accu- 
mulated in the placenta and that, on average, 60% of placen- 
tal Hg was m the methylated form. The median pkccntal 
concentration of methyhnercury was 1.8 pg kg*"^ which was 
twice the maternal blood methyhnercury level. They reported a 
significant association of Hg and Se in maternal and umbilical 
cord blood but not in placenta tissue. Zimmer and collea- 
gues'^ used CVAAS to determine concentrations of Hg in 
bbod, urine and saliva in one group of women who had self- 
reported ill health effects arising firom amalgam fillings 
('anudgam sensitive* subjects) and a second control group 
witii no reported ill healtii effects. Median blood and urine 
Hg levds in the 'amalgam sensitive* group were 2.35 pg T* 
and 1.55 pg P', respectively, compared with values of 
2.4 pg r' and 1.8 pg in the control group. All mea- 
sured Mood and uiine Hg levels were considered to be in tiie 
reference range for the general populatioa Saliva Hg 
concentrations did not correlate whh either blood Hg or 
urine Hg concentrations and the auUiors conchided that saliva 
Hg detennination was not suitable for biological monitoring. 
Flnal^, Apostoli et al. described the results of a polycencric 
study to establish a reference value for Hg in urine for an 
Italtao population. Sul^jects were selected on standardised 
criteria including dietary habits, lifestyle, exposure history and 
number of dental amalgams. Urine Hg was determined by 
CVAAS and H-ICP-MS. The median values (5%.95% 
percentile values) were reported to be 0.78 pg g"' creatinine 
(P.17-3.66 pg g"* creatinine) using CVAAS and 0.79 pg g*' 
creatinine (0.12-5.02 pg g"* creatinine) using ICP-MS. The 
reference value reported was lower than vahies reported 
previously, which the authors considered to be due to the 
selection criteria used for the reference population and the 
control of pre-analytical and analytical factors of variability. 

1.9.14 Mdybdemmi. Minoia and colleagues*^* developed a 
method for the detennination of Mo in urine using ICP- 
MS. Samples were simply dihited in distilled H20~l% HKO3 
and both In and Y added as internal standards. The authors 
evaluated factors such as sample dilution, add concentration 
and analyte stal»lity for the metiiod. Selecting '^Mo as the 
measured isotope, an LOD of 0.2 pg T* was reported and 
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calibiBtion was linear from 2-SO |ie T*. The authors used the 
method to establish a refereaoe value for Mo in urine of an 
Italian populatioa Sievers et aL^^ used ETAAS to monitor 
urinaiy exaction of Mo in infants. The authors compared 
different urine coUectioo methods (catheterisation, random 
midstream samples and urins collection bags). Samples 
collected by catheterisation had a mean Mo concentration of 
7 |ig r* (O.S-^.l pg r'), whilst a mean Mo concentration of 
21.25 pg r' (0-91 pg r') was quoted for midstream and 
collection bag samples. They also investigated diuma! yariation 
of Mo excretion in §tretmn ir^ants fed eUher human milk or 
i^ant formulfL They conduded that although the diuroal 
variation observed was of minor dinical ^gnificance it should 
be accounted for by definug sample collection tunes and urine 
reference values. The same group'^ used both ETAAS and 
ICP-MS to study Mo metabolism in infancy. Premature infants 
with a post-natal age of between 10 and 54 d were given 25 pg 
'^^o kg"' in a human milk or infant formula feed. Fecal and 
urine samples were coUected both immediately preceding and 
for 72 h foUowing administration of the label, for detennina- 
tion of Mo. Median absorption of Mo was 97.5% and retention 
of nutritive Mo intake was 35.7%. Peak urine Mo conomtiH- 
tion was determined within 8 h of administiation. The authors 
considered that orally admintstexed Mo was well absorbed in 
premature infants and that dietary recommendations for Mo 
should prevent excessive intakes. 

Burguera et al conducted a comprehensive evaluation of 
diemkal modifiers for the determination of Mo in whole blood 
using ETAAS. They reported that the most sensitive and 
reproducible determinations of Mo were obtained using an Er 
chemical modifier (25 pg) added to whole blood samples 
diluted 1:2 vAr with 0.1% Triton X-100. The build up of 
carbonaceous residue in the graphite tube could be minimisisd 
by mjecting 20 }il of 15% H2O2 and running the temperature 
programme after every five analyses. An LOD of 0.6 pg X" ' and 
an RSD of O.M.S% were reported. 

1.9.1s ^QcbeL Todorova et aL described methods for the 
determination of Ni in serum and urine using ETAAS. The 
method used an U3O3 chemical mpd^ier to assist thermal 
decomposition of the protein matrix. Optimum atomisation 
temperatures were reported to be 2100 °C and 2200 X for 
serum and urine, respectively, and calibration was performed 
with aqueous Ni solutions cootainmg glycine. The reported 
LODs were 0.2 pg T' for both biological matrices and RSDs 
were 8^15% for Ni concentrations between 0.5 and 2.5 pg P'. 
Soylak^^ developed a method for the determination of Ni in 
water and urine in which Ni was separated and prccon- 
ccntratcd by adsorption on Dialon HP 20 resin as a 1-nitroso- 
2-naphthol>Ni complex. The authors reported opthnum 
conditions for chelation and adsorption of Ni onto the resin. 
Adsorbed Ni was eluted from the resin using 1 M HNO3 in 
acetone for detomination by FAAS. 

The group of Hostynek and colleagues reported the findings 
of a series of studies on the permeation of Ni ions through the 
human stratum comeum. In vitro permeation was imvestiffited 
in an advanced diffusion cell system using trypsinised stratum 
comeum from cadaver leg skin.*^^ One per cent aqueous 
solutions of Ni(N03)2, NiS04, NiOj and Ni(CH3C»0)2 were 
applied as the donor solutions. Concentrations of Nt in donor 
fluid, receptor fluid and in the stratum comeum were 
determined using ICP-MS. Over a 96 h incubation period, 
only 1% of Che applied dose was recovered m the ncepXar fluid 
and a further 1% retained in the stratum comeum. The authors 
noted that the calculated permeability coefficient of 5.2^8.5 x 
10*^ cm h'* was similar to values previously reported for full 
thickness skin studies. They hypothesised that, pi vivo, NI ions 
may pormeate human skin simultaneously by both intcnxUular 
and transcellular routes and shunt pathways. The group also 
examined in vivo penetration 'of Ni salts in htman stratum 



comeum usmg a sequential tape stripping technique.'" The 
same four Ni salts as used in the m vitro study were applied io a 
methanol sohition to the aim and back. Exposed areas of skin 
were stripped 20 tunes, to the glistening hiyer, and the Ni 
content oif eadi strip determined usmg lO^-AES. The 
researdiers observed that, for incubation periods up to 24 h, 
most of the Ni dose remained on the skm surface or adsorbed 
mto the uppermost layer but at high concentrations Ni salts 
appeared to penetrate beyond the stratum comeum. In the case 
of Ni(N0s)2b low but constant measurable leveb of 1% of the 
applied dose were determined in layers beyond the third tape 
strip suggesting intmellular diflusion for Ni and NO}'~ 
counter ions. The authors noted that arm skin was more 
permeable to M than back skm and concluded that the Ni 
counter ion was important in mfluendng Ni diffusion. In 
addition to the At vivo study of skin penetration of soluble Ni 
salts, the researchers examined the diffusion of Ni in stratimi 
comeum foUowing ocdusive application to the forearm of Ni 
metal powder."^ The same tape stripping approach was used 
as in the previous paper. The Ni content of the 20 succes- 
sive strips was determmed by ICP-AES. The gradient of Ni 
distribution in successive layers increased proportionally with 
the length of time of application of the powder up to the tenth 
strip layer and then remained constant in the subsequent 10 
layers. The authors concluded that Ni metal powder in contact 
with skin was oxidised to form a soluble species, which could 
penetrate the intact stratum comeinn and thus had the 
potential to elicit an allergic reaction. 

Other researchers have investigated the release of Nifrom 
biomedical implants and dental casting alloys. Watiiha et a/.'^ 
used LA-ICP-MS to examine the spatial loaUisation of solu- 
bilised NI around Ni containing implants. Following sub- 
cutaneous implantation of pure nickel wire, a nickel-chronuum 
aUoy wire or polyethylene (as a inert control material) in mice, 
tissues were analysed for inflammation at 1 nun intervals froin 
the implantation site and levels of Ni quantitatively determined 
using a User ablation technique. In the case of polyethylene 
imptantation> mild inflammation was noted up to 1-2 mm from 
the implantation site. There was severe inflammation with the 
pure nickel wire implant, whilst the nickel-cbromium alloy 
produced inflammation similar to that of the polyethylene 
implant Levels of tissue Ni reached 48 pg g~' close to the 
oidcel wire implant but weiv less than 4 ^g g''' in the tissue 
close to the alloy implant The authors concluded that Ni 
distribution around the impUmt siu correlated well with overt 
tissue inflammation. 

1.9.16 Platmum and ooble metals. Yang and colleagues*^' 
presented a comprehensive review of sensitive techniques for the 
determination of Pt in body fluids and tissues. The review 
covered sample preparation procedures, analytical figures of 
merit for dificrent instrumental techniques and specific dinical 
applications. Da Silva et a/.*^ employed the phenomenon of 
cloud point extraction for the determination of noUe metals, 
inchiding Au, Ir, Pt and Rh, in biological matrices. Biological 
samfdes were acid digested and the digest solution reacted with 
0,(>d»thyldithiopfaosphate and Triton X^114. Raising the 
temperature of the solution to the doud point led to a two- 
phase separation in which the noble metals were comjdexed in 
the surfactant-rich phase. Noble metals \n this phase were 
quantitatively determined by ETV-ICP-MS. This approach 
gave enrichment factors ranging from 7 for Rh to 60 for Pt 
and LODs iiom 0.6 ng r' for Pt to 3 ng T' for Rh. The 
authors noted that effident complexation and extraction into 
the surfactant phase was only achievable for urine samples 
following complete add mineralization of the urine matrix. 

Many of die papers on the 4!eteTmination of Pt in this 
review period contmue to report on the determination of 
total Pt and Pt spedes in tissues and body fluids for studies on 
the pharmanokinttirs of a variety of Pt conuuning therapeutic 
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drags. Tibben et al}'^ used ETAAS Co detennine total Pt in 
plasma and plasma ultrafiltratc from patients administered 
APS280, a Pt containing AK2-hydroxypropyl)metb8cryl- 
amide copolymer. Samples were simply diluted 1 + 4 v/v 
with M HQ and an LOQ of O^S pmol was reported. 
Vcrschraagen et al}"^ developed a sensitive method for the 
quantitative detennination of dsplatin and its major meta- 
bolite, monohydrated dsplatin, in plasma from patients 
administered the drug to treat solid tumours. Qsplatin and 
monohydrated dsplatin were separated by HPLC and 
detennioed separately ^oHUine* by ETAAS. Lknits of quanti- 
fication for the two spedes were 60 nM and 82.5 nM for 
cisplatin and the monohydrate metabolite, respectively. Suzuki 
et aL^ used TXRF to determine trace leveb of dsplatin in 
biopsy samples of cancerous tissues. Usmg a monochromatic 
Mo Ka-radiation source and LiF crystal, an LOD of 0.1 ppm 
was reported. The authon used the method to monitor scrum 
and tissue Pt concentrations over time in patients with bladder 
cancer who were administered the drug. Pascual el al"^ 
reported the results of a very important study to improve the 
placental impermeability to cisplatin for therapeutic treatment 
during pregnancy. Cisplatin was coupled with a bile add to 
produce the modified drug Bamet-R2. Following intravenous 
administraiion of dther dsplatin or Bamet-R2 to pregnant 
rats, blood and tissue sannples were add digested and Pt 
determined by ETAAS. The authors reported much lower 
levds of Pt in foetal tissues from rats administered the modified 
drug and also noted that placental tissue levels of Pt were 
several fold higher in rats administered dsplatin. The authors 
condttded that the placental barrier is much more effective in 
protecting the foetus from dsplatin when the drug is coupled 
with a bile add moiety. They highlighted the potential vahie of 
using the modified drug for treatii\g tumours in pregnant 
patients. Carr ei aL '^^ investigated the in vitro biotransforma- 
tion of a novd therapeutic Pt compound, satraplatin, in 
biological fluids using HPLC-ICP-MS. The researchers 
reported that satraplatin concentrations fell rapidly in fresh 
whole blood, with a half life of 6.3 min. In plasma and 
supplemented cell culture medium, however, the compound 
was much more stable and disappeared with half lives of 53 h 
and 22 h, respectivdy. They determined two Pt spedes in 
CH3OH extracts from whole blood spiked with satraplatin, 
which were identified as the Pt" complex JM 118 and a Pt- 
containing protein with an dectrophoretic mobility similar to 
serum albumin. They also determined that at equilibrium, 62% 
of the Pt added to whole blood was bound to red cells and was 
not extractable with NaO or CH,OH. They conduded that 
satraplatin underwent rapid biotransformation in whole blood 
to the JM 118 complex, a protein associated fraction and a Pt 
fraction ineversibly bound to red cell membranes. 

1.9J7 Rare earth fUwatg. Blaum and colleagues'^ deter- 
mined ultratrace levels of Gd in microsamples of tumour tissue 
using RIMS. An isotope spedfic detection Innit of 1^ x 10' 
atoms was reported, whidi corresponded to a total Gd 
detection limit of 1.6 pg based on the major '''Od isotope. 
The reported linear dynamic range was six orders of 
magnitiide. The authors used the method to detennine Od 
levels in normal tissue and tumour tissue samples of mfee 
administered an injection of the MRI contrast agent gadoli- 
nium diethytenetriaminepentaacetic add dimeglumine (Gd- 
DTPA). They noted that the tissue Gd concentration could 
vary by two orders of magnitude depending on tissue type. 
Ortega et aL^ exploited ehud point precipitation, described 
earlier In the xaion on Pt, for pre-eonceniraiion of Gdfrom 
wrine for quantUattie ^termination by FI-ICP-AES, Pre- 
concentration was performed on-line by complexing Gd with 
2-(5^romo-2-pyridyiazo)-5-diethylaminophenol in a non-iooic 
miodle system. The surfactant tkh phase containing the Gd 
complex was retained on a micnxolumn pajcked with cotton 



and subsequently duted with 4 M HNOj directly into the 
nebuliser of the ICP. The authors reported an enrichment 
factor of 20 for a 10 ml sample volume and the LOD was 
40 ng r'. Analytical precision at a Gd concentration of 
2 pgr' was 1.9% RSD. . 

Silva eidl,^ used AAS with a tungsten coil atomiser for the 
detennination of Dy and Eu in sheep faeces as pan of an 
animal nutrition study. Faeces samites were dried, ground and 
digested with HNO3-HQO) for quantitative determination of 
the two elements. The method was evaluated by comparison 
with an established method using ETAAS. Whilst results for 
Eu were comparable by the two methods, the values 
determined for Dy differed significantly, which the authors 
attributed to the memory effects caused by carbide formation 
in the graphite tube. The tungsten coil atomiser had a lifetime 
of 200 firings, which the authors reported to be three times 
better than the lifetime of the graphite tube. Reported LODs 
for the tungsten coil method were 6.9 pg gj ' and 2.1 ^g g" ^ for 
Dy and Eu, respectively. Bettinelli et aL *^ described a method 
for the determmation of R£Es tn urine usmg ETV-ICP- 
MS. Undiluted urine samples were injected into the graphite 
tube of the ETV together with Freon'23 as a chemical modifier, 
which was noted to reduce the atomisation temperature of 
the elements and also reduce the memory effect from the 
lanthanides. Reported LODs for R££s ranged from 1-10 ng F 
Standard additions calibration was considered necessary for 
quantitative determination. Levels of REEs determined in 
urine spedmens from healthy volunteers were in the range of 
5-20 ngr'. 

In a similar approach to that described previously in the 
section on Cd,'^ Zhang et aL^* coupled a sandwich immuno- 
assay procedure with ICP^MS {or the quantitative determination 
of thyroid stimulating hormone (TSH) in human serum. In a 
conventional immunosorbant assay approach, TSH was bound 
to inunobilised anti-TSH antibodies in wells of a microtitre 
plate. The boimd TSH was then complcxed with a biotinytatcd 
monodonal anti-TSH antibody and £u-streptavi(£n. After 
washing to remove unbound reagents, complexed Eu was 
extracted by addition of 1% HNO3 and quantitatively 
detcnnined by ICP>MS. The measured Eu sigiuils were directly 
proportional to the serum TSH concentration. The authors 
reported good correlation between results for TSH obtained by 
this method and those obtained with a radioimmimoassay 
method. 

1.9.18 Sdenfaon. This review period has seen Se established 
as another primary element of interest^ both in relation to its 
essential trace element role and its association with various 
disease states. Zaxuio et al*'^^ developed a method for the 
detennination of Se in whole blood using ETAAS. A combtned 
permanent Rb-W phitform coating and a oo-izgection of RbCls 
with the sample was used ensure thennal stability of Se at a 
maxinmm pyrolysis temperature of 1300 ^ Samples were 
dihited I + 4 v/v with 0.2% HNOj-O-S"/. Triton X-100. The 
peimaneat coating improved tube lifetime by 200% when 
compered with a normal tube and use of a Pd-MgCKOjh 
cfacmical modifier. Tsalev and oolleagoes'^ compared nuethods 
for the determination of Se in biological materials ETAAS, 
using a Rh chemical modifier, by FI-HG-ETAAS and FI-HO^ 
AFS. Two sample digestion methods were investigated. The 
first involved overnight soaking with HNOj, followed by 
microwavB digestion with HNOj-HjQz and reduction with 
4.8 M HQ. The second employed overoi^t soaking with 
HBr-BrO)* followed by pressurised microwave digestion. The 
reported LOD for the direct ETAAS method was 6 fig T*. 
Methods were evaluated by analysing a range of biological 
samples with certified values for Se. Machat et al, described a 
method for the determination of Se in serum using ICP-AES 
with conventional pneiunatic nebulisation. Samples were 
digested under pressure with HNO3 to reduce the matrix 
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interferenoe of CN' on Che dctennination of Se. * Residual 
interfercQoe was corrected mathemalically. Ao LOD of 0.01- 
0.02 mg was repoited and the method was evaluated by 
axmlysiDg a senim RM. Szoboszhii etai^ detennined Se and 
Sn in human brain tissue using BXAAS with Zeeman-eflect 
background correction and Pd(N03}2 as a diemica! modifier. 
The authors reported Sb concentrations between 200 ng g*' 
and 700 ng g'*^ in the brain regions examined. Ogra et oP'' 
identified the major metabolite of Se in rat urine using HPLC 
coupled with ICP-MS and tandem ESI-MS. The urine sample 
was treated to remove interfering a~, Na"** and urea on 
measurements by ESI-MS. The specks had an Af, of 299 Da 
and contained a methylseienyl group, an acetyl group and at 
least two hydroxyl groups. It was Mentified as Se-methyl-JV^ 
acetyl-sdenohexosamine. 

Al-Kunani*^ investigated the Se status of women with a 
history of ttcunreot miscarriages using a case control study. 
Blood samples and scalp hair samples were collected from 
groups of women with one or more suooessAil pregnancies and 
women with a history of rqieated mtscaniage. Selenium 
concentrations in the samples were determined by ICP-MS. The 
authors reported a significant reduction in hair Se m the 
recurrent miscarriage group compared with the controls 
(0.14 (ig versus 034 Mg g~') but no significant diflerence 
in serum Se levels. They concluded that there was evidence of 
Se deficiency in women with recurrent miscarriages but this 
did not represent a simple nutritional deficiency. Tan ei al^^^ 
examined the relationship between Se status and gestational 
diabetes. Serum Se levels were determined by HG-AFS. The 
mean serum Se levels in pregnant women diagnosed with 
gestational diabetes mellitus was 0.063 mg compared with 
0.074 mg r' in healthy pregnant women and 0.108 mg in 
healthy non-pregnant women. The authors suggested that Se 
suppkonentation should be considered for pregnant women, 
particulaiiy those with gestational diabetes or impaired glucose 
tolerance. 

Hoi ei al^ investigated urine Se excretion in individuals with 
mercury amalgam dental fillings. The authors examined a 
group self-reporting symptoms from dental amalgam toxicity, 
a healthy group with amalgam fillings and a control group with 
no amalgam fillings. Subjects were injected with the chelating 
agent 2,3-dimercaptoproparte-l-sulfonate to stimulate metad 
excretion. Urine samples were collected over a 24 b period and 
urine Se concentrations determined by HG-AAS. The authors 
reported that individuals with amalgam fillings excreted less Se 
over 24 b (36.4 |ig) than individuals without fillmgs (47.5 pg). 
They concluded that individuals exposed to low levds of 
Hg from dental amalgam excrete less Se than unexposed 
individuals. The same group^^ also examined blood Se levels in 
individuals reporting adverse health effects from dental 
amalgam using H&AAS. They observed that blood Se levels 
were statistically significantly lower in subjects who claimed ill 
health symptoms from mercury fillings (1 19 pg P') compared 
with healthy individuals with amalgam fillings (130 pg T*). 
They hypothesised that individuals with self-reported iU-bealth 
from amalgam might have a different Se metabolism to healthy 
individuals. Brookes et al.^^ reported the results of an 
important study to investigate the relationship between 
plasma Se levels and the ri!^ of developing prostate cancer. 
The authors carried out a case control study on 148 men 
participating in the Baltimore longitudmal study of ageing, 
including 52 individuals diagnosed with prostate cancer. 
Plasma Se levels were detennined by ETAAS. After correcting 
for years before diagnosis, body mass index, alcohol consump- 
tion and smoking history, the authors reported that higher 
phisma Se levels were associated with a lower risk of prostate 
cancer. Hiey concluded that low plasma Se levds were 
associated with a 4-5 fold increased risk of prostate cancer. 

Muntau et a/."' reported reference vabies for serum Se in 
infants and children. The group detennined serum Se levds in 



1010 healthy children and 60 patients on a protein restricted 
diet Hiey reported a statistically significant age dependency on 
median serum Se levds in the bralthy group. Serum levels 
decreased from 1 to 4 months (0.64-0.44 pmol 1'*), increased 
fixmi 4 months to 1 year (0.44-0.62 |imol P') and then 
remained constant iram 1 to 5 y (0.9 pmol P'). Levels 
increased sli^tly agam to reach a plateau between 5 and 15 y 
(0.99 pmol P (X the children on the testiicted protein diet, 
87% had serum Se levds below the 2.5% percentile value of the 
refioenoe value. They considered the changes b Se sUtus 
reflected nutritional changes. 

1.9.19 Silicon. Klemcns and Heumann*"' developed a 
method for the quantitative determination of trace levels of 
Si in biological and clinical samples using HR-ID-ICP-MS, 
Samples were spiked vrith a ^Si enriched solution and 
microwave digested with either HNOj or a HNOj-HF mixture. 
By using both digestion methods on duplicate samples, the 
authors were able to diiTerentiate the HNOj soluble Si species 
from the poorly soluble Si fractioiL They noted that the 
sensitivity of the method was strongly influenced by Si 
Goncentnitions b the blank. The blank Si signal was minnnised 
by using a PFA nebuliser and spray chamber together with a Si 
nitride tordi. ^th this instrumental configuration, LODs were 
0.15 |ig g"* and 0.2 ^ig g"* for the HNOj and HNOr-HF 
digestion methods, respectivdy, which were considered to be 
sufficiently sensitive for the quantitative determiimtion of Si in 
almost all biological matrices. The authors considered that the 
method could be suitable for certification of Si concentrations 
in biological and clinical reference materials. 

1.9.20 Strontium. Prohaska et ail'" determined "Sr:**Sr 
isotope ratios in prehistoric human teeth and bones using ICP- 
MS. The authors considered that post-mortem microstructural 
changes in bone, for example dissolving and reciystallisation, 
could result in erroneous results if noniuU invasive sampling 
with sample digestion and liquid nebulisation ICP-MS were 
used for the measurement of. Sr. The researchers therefore 
devdoped a method using LA-ICP-MS for Sr isotope 
measurements on transverse bone cross-sections. Strontium 
isotope ratios were made with a precision between 0. 1 and 0.2% 
RSD. ^th this approach they identified mineralised phases 
enriched in Rb, which had arisen exogenously. The leseuchers 
also measured Sr ratios in the enamd and dentine of teeth from 
a Neolithic indrviduaL Bone and dentine Sr ratios were simihur 
whilst the enamel Sr con^KMition was rignificantly different 
The authors hypothesised that the individual had migrated m 
eaciy childhood. 

1.9 Jl Tdhninm. Ha el dL'^ developed a method for the 
determination of Te in urine using HG-AAS with derivative 
signal processing. Ihc authors investigated the influence of 
several analytical factors on the derivative absorfoance values. 
They reported a characteristic concentration of 0.042 pg P' 
and an LOD of 0.26 pg P', which were, r^pectivdy, 52 and 26 
times better than values using conventional HG-AAS. 

1.9.22 Thalliuni. Maurice et aL^ described an ID-ETV- 
ICP-MS method for the direct determmation of 77 In human 
scalp hair. Hair strands were embedded in pressure-hardening 
glue and «^"^<ip> 10 mm segments cut for introduction into 
the ICP using a solid sample injector. This approadi enabled 
the longitudinal distribution of Tl to be measured m hair 
samples from a Tl poisoned individual. The concentration of Tl 
in the root s^ment was 0.4 pg g~', falfing to 0.01 pg g^ ' at the 
end of the 20 cm hahr strand. The reported LOD was^O.7 pg, 
correspondmg to a TL concentration of about 5 ng g~' for a 
150 nig hair sample. The authors also compared the influence 
of different hair washing procedures on the analytical results. 
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Tabls 1 Analy>is of dioical imd biological materials 



Ekmem Matrix 



Techniqae; 

atomizalioD; 

pfescDtBtioi^ 



Samirfc treatmentteonupqits 



Ref. 



Al 

Al 
Al 

Al 
Al 

Al 

Al 
Al 
Al 
As 
As 

As 
As 

As 
As 

As 

As 
As 

As 

As 
As 
B 



Blood, urine 
Senun 

Serom, urine 

Teeth 
Tissue 



Blood 
Brais 

Total body 

Biological 

flu^ 
Blood 

Urine 

Urine 
Urioe 

Urine, bile 
Urine 

Urine 

Bile, urine, 

tissue 
Human milk 

Hair 
Hair 



Chinese 
ncdiGuies 

Blood, bone, 
urine 



Blood 



Tissue 



AA:ErA;L 



AA;ErA;L 

MS;ICI>;HPLC 
AA;ETA;L 



AA;ETA;L 
AA;-;. 

AMS;-;- 

AMS:-;- 
AMS;s- 

AA;Hy»L 
AA;Hy-,L 

AAjHy.HPLC 
AF;Hy;HPLC 

AF;Hr>HFLC 
MS;ICP;HPLC 

MSaCP;HPLC 

MSaCP;HPLC 
AA;Hy;L 

AA;HyX 

AA^Iy;- 

AA;ETA;L 

AA;ETA;- 

AE;IC3>;L 
AEOXPO- 



• Al accumulation and e x ac ti on pattenis were investigated in 
newly employed workers us well as in relation to changes 
in airborne Al Icvds in an Al smelter 

Chemical speciation of Al in human scrum was discussed 
and analyttcil methods were reviewed 

Tlie platfonn was treated with 500 pg of Rn. The values for itie 
were 31 and 33 pg for Al in serum or urine, respectively, 
oompaicd with 31 pg in O^o v/v HNO3. Therefore calihretion 
with aqueous standaxtts was possible. RSD was <5% and LOD 
was 0.4 pg P' 

Mean Al oonoentnition in 323 dedduous teeth was 0.58 ± 0.60 ppm 
diy weight. Al content was dcpendeol on tooth type and dental 



The onset of macrophagic myofasciitis, a condiiion charucterized 
by muscle infiltration by granular macrophages and lymphocytes, 
was associated with intramosoular injection of Al(OH)roontuining 
vaccines. Symptoms appeared subsequently to vaodnntion and 
both ongoing local immune reaction and Iong>term persistence of 
A1(0H)3 was observed 

Results of m vHro dissolution and in viw absorption studies were 
reported indicating that Al-containing adjuvants administeied 
intramusculaiiy are absorbed into the body 

The kinetics of Al distribution in brain and the effect of 
desferrioxamtne were stttdied in rats using ^Al as a imcer 

Features and appltcations of AMS to human nuiritiou were 
reviewed 

This paper reviewed present knowledge on the intestinal absorption 

of Al in renal faifaire 
Blood As levels were investigated in humans in relation to plasma 

levels of reactive oxidants and antioxidant capacity 
160 spot urine samples and corresponding 24 h ooUectians were 

measuied for inorganic As, to deteimine approprate sampling 

procedures. No diJIercnoes were seen between the different 

sample types or whether creatioioe was udjustcd or not 
Seafood consumption did not inflneooe the levels of As'", As\ 

XfMA, DMA or their ratios in urine 
The elfect of storage tempeiature (25, 4 and -20 *C) and stonge 

duration (up to 5 months) on the stability of MMA*" and 

DMA*" in ddonizcd water and human urine was studied using 

HPLOHG-AFS for spedes detection 
As metabolism and spedation was studied in rats, mice, hamsten, 

rabbits, and guinea pigs injected with As^ or As™ 
As metabolites were monitored over a 4-d period aller ingestion 

of a synthetic arsenosugar, to investigate potential toxidty of 

marine algae used as human food 
Incicased cxcictian of penta- and uroporphyrins was demonstrated 

for workers exposed to As; As"* was' the spedes best oonclated 

with urinary porphyrin excretion 
As metabolic pathways were studied in rats by metabolic balance 

and spedation studies 
As levels in human milk samples from different German areas were 

mostly bdow the LOD (0.3 pg 1'*). The highest omoentratian 

was 2.8 pgr* 

Hair As was detemiined by HGAAS aHcr closed microwave 
digestion. Six dSgestion procedures were compared ttsiqg 
recovery of inorganic and organic As componnds and the analysb 
of hair CRMs 

Hair As levds in Egyptians ranged from 0.04 to 1.04 mg As kg"' 
hair, with 45% of the samples exceeding the reference range 
(0.08 0.25 mg As kg'' hair) 

Samples were digested under pressure with HNOi HCIO4 as oxidant. 
The diemical modificxs were PdOi for As and (NH4)2HP04 for Pb. 
LODs were 3.75 ng ml'' (As) and 1.8 og ml'' (Pb) 

Several elements were investigated as potential chemical modifiers in 
the determination of B in biologica] samples. The best results were 
obtained with the ad(fition of Zr and dtric add onto Zr-coated 
platforms. LOD was 60 pg P' and » 282 pg. 

B was determined in blood by ICP-AES ai^ proton removal 
with TCA. Predaon was <5% and recoveries ranged from 95.6 
to 96J%. Results were compared with an ICP-MS direct method 
(r m a994). The method is one of the fastest for B determination 
in blood 

B deliveiy to tissues, using fohite receptor-targeted liposomes, was 
invcsti^ied 



U8 

U6 
115 

117 
284 

109 

36 
3S 
119 
124 

3 

285 
128 

127 
286 

125 

287 
126 

123,98 

100 
288 
130 

15 

289 
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Tabtei Anatyiis of diokal ami tnoiogical materials {amtinued) 



Element Matrix 



Tccbaiquc; 

aiamizBtiQo; 

lucseDt&lioii' 



Sample tranment/ooxmnciits 



RcT. 



Bi 

Qi 

Ca 

Co 
Ca 

Ca 
Ca 



Ca 
Cd 



Cd 

Cd 

Cd 
Cd 

Cd 
Cd 

Cd 
Cd 
Cd 

Cd 

Cd 
Cd 

Ce 



Tissue 



Urine, 
dialysatc 

Urine 



Blood, faeces, 
mflk« nrine 
Urine 



Bone 
Arteries 



Total body 
Scram 



Ptasma 

Blood 

Blood 
Urine 



Human mitk^ 
urine 



AA;ETAa. 

AA:-;1- 
AEaCP;L 

AE;ICP;L 
MSaCPO. 

A£;ICP;L 



AMS;-;- 
AA:ETA:L 



AA;ETAa. 

AA;ETA;L 

AA;ETA:L 
AA;ETAa' 

AA;-;L 



Biological samples AA;ETA;- 
(CRMs) 



Hair AA;ETA;S1 
Faeces MSilCF;- 
Tissue (anxmal) MS;ICP;CE 



Bniin 



MS;ICP;. 



Tissues, urine MS;ICP;- 
Kidney XRF;-;- 



Duodcnal tissue 



SIMS;-;- 



Tissues were microwave digested with HNOj 30% HzOx. Addition 129 
of Pi (2 pg) and 4% wAr tartaric acid (10 |U) was used as chemical 
modifier. The value of me wus 22 pg and RSD)^ ranged from 
1^ to 4.8% 

Oi. Mg and Zn were detennined in urine and dialyute from subjects 79 
undergoing continuous rauil replacement theiapy. Results indicated 
loss of Qi and Mgi but not Zn 

The matrix efteci, due to NaQ. KQ, OiOO j, MgClj, .NH4HjP04, HQ, 290 
H3SO4, urea and tbdr concentration levcb, was evaluated. Na and K 
could be detennined without any sample preparation. For Ca and 
. Mg, .internal standardisation and a matrix-matching technique was 
neoessaiy 

A balance study for Ca, Mg and P was earned out on 10 extremely low 12 

birthweight (< 1000 g) infants to assess nutritional needs 
A new method was reported for the dctcrmiiuition of Ca isotope ratios 31 

and total Ca by means of a double focusing sector field ICP-MS 

equipped with a shielded torch. Factors influencing the uncertainty of 

the deteiminaiioQ of Qi absoiplion were disnsmS 
The relationship of Qi and Sr concentrations in human bones to age 78 
' and sex was investigated. Mtnend content was lower in women and in 

older subjects 

Ca» Fe and Mg were determined In rabbit arteries. Samples weit add 291 
digested in a closed-vessel microwave. The method is applicable to 
small dinical samples or arterial samples from voy small animals 

SeeMref.3S 3S 

Cd deteimination by ETAAS was used as the quantitative step of a new 92 
immunoassay method using EDTA Cd^'*^ chelate as a label. The 
LOD for Qhfetoprotein was 0.12 ng ml"', CVs <8% and recoveries in 
the range 90 110%. Comparison with time-resolved 
Qooroimmuooassay gave a correlation coclficicnt of 0.993 

For Cd and Pb analysis, plasma was drysishcd and the inorganic 292 
residne dissolved in diluted high-purity HNQi. Hg was determined 
directly. Ranges for Cd, Hg and Pb m ait phisma were 0.1 9, 0.3 15 
and 1.2 SO )ig r\ respectively 

Childhood exposure Co Cd and Pb in the Ribeird river valley (Brazil) 132 
was investigated. Mean blood Pb level in childsen living dose to a Pb 
refinery was 1 1.25 pg dl"' 

Blood Cd was measured in 119 Turkish subjects, aged 17 77 years. 293 
Female smokeis had the highest blood Cd (median: 0.90 ng ml ' Cd) 

The assessment of a screening method for the deteimination of Cd, Ki 294 
and Pb in biological monitoring prognnmnes was reported. Samples 
were pre-treated with adds, then digested via a microwave oven prior 
to anaJyris 

A significant positive correlation was found between maternal urinary 134 
Cd and Cd in breast milk. Maternal exposure to Cd seemed to 
increase early delivery, which led to a lower birth weight 

Three chemical modifiers weic compared. A solution of 1% Triton 295 
X-lOO O^/i HNO) was used as dihient Zecman background 
ooncction was applied. A mixture of Mi Pd NH4H2PO4 gave the 
best performance. LODs were 0.04 and 0.92 pg 1~* for Cd and 
Pb, respectively 

Three media, 0.1% vAr Triton X-lOO, 0.14 mo] P » HKO3. and 0.1% yfv 99 

of CFA-C (a mixture of tertiary amines), for the preparation of hair 

slurries were compared. CFA-C pive the best results 
Apparent Iractional absorption of Cd firom sunfiower kernels was 296 

detexminod in women using sunflower kernels labelled with the staUe 

isotope 

A method for the separation of mctallothioocia isoforais (MT) by CZE 33 
and UV or ICP-MS detection was devdoped. Analyses of mixtures of 
MTl and MT2 £rom rabbit liver and mussd bepatopancreas cytosols 
(after exposure to metals) were reported 

Cd and Zn were determined in samples of brain tissue from sntgects 131 
with Alzheimer's Disease (AD): subjects with senile involutive cortical 
dianges and controls. No significant difTerenoes were observed for 
Cd, whereas Zn appeared to be lower ia AD subjects 

Post-mortem samples of lung, liver, kidney and urine from 61 subjects 133 
were analysed for Cd, Cu and Zn. Results for Cd were piesented 

Cd oonfleniratioiis of 7 ppm were noeasured within 1 h in a rat kidney 297 
specimen using microbcam XRF and microbeam X-niy absorption 
measurements 

The application of SIMS to smdies of dement microdistribuiion is 298 
illustrated with data from the dctermioalion of Ce or Th 
contamination of lat duodenal tissue, aAcr ablation of specimens 
ion bombaidmcnt 
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Tabto 1 AmUyiis of diaicaj and biological matcriais jeoniinutd) 



Ekmcm Matrix 



TeehaiqiK; 

atomizatioa; 

piesentatioa'- 



Sample treatnientAsminents 



Rfif. 



Cr 

Cr 
Cr 



Cr 
Cr 



On 
Co 
Cd 
Co 
Ev 



Fe 
Gd 



Hg 



Salfvu, 

Blood ceUs 
Unne 



Rquoductive 
glands 



AA;ETAa. 

AA^ETAX 
MSaCPiL 

Mcdiciiial XRF;-;- 

Water, LEAFS;ErA;L 
gastrointestinal 



Ctt 


Senim 




Cd 


Scnnn 


AAdP:L 


Ca 


Serum 


AA;ErA;L 


Cu 


Soninal plasma 


AA;ETA;- 


Ctt 


Aqueous hmnour 


AA;ErA;L 


Cu 


Hair 


AACTA;S1 


Cd 


Biological 


AAiETA;L 



samples 

Testicular tisue 
Uvei 

Human milk 
Breast tissue 
Serum 



Breast tissue 
Urine 



Blood 



AA;ErA:Sl 

AA;-;- 

AA;F;S 

XRF;-;- 

XRF;-;- 

M5;ICP-X 



Fe 


Scram 


AA;ETAX 


Fe 


Arteries 


AEUCPiL 


Fe 


Aqueous bumour 


AA;ETAX 


Fe 


Testtcular tissue 


AA;..- 


Fe 


Human Twflk 


XRFjs- 


Fe 


Bone 


XRF;-;- 



XRF;-;. 
AEaCP;FI 



AA,-CVX 



Conoentretioos of Cr and Ni in saHva and senoa of 100 subjects with 
fixed orthodontic appliances did not provide evidence for potential 
toxidiy 

Or vat determined in blood fractions of 86 Uood donon and 35 type 2 
diabetics 

lotafcicnces from *»Ar'^*, ^a'^OH"^. ^"O. "^Ar'^CH* and 
"a'*0* ions on and ^Cr were reduced by approximately 2 3 
oiden of magnitude by using 1.0 ml min~' NH) us xcactioo ceU gas 
in the DRC and a 9 value of 0.6. LODs for "Cr and were O.OIS 
and 0J)24 og ml~\ respectively 

Cr was detected in testicular tissue sections from mice treated fay 
intraperitoneal injection of 1 mmol kg"' OOj. with higher 
concentrations in the tunica albugmca and in isolated odls from the 
interstitial connective tissue 

Methodolopes for the preoonoentiatioa and determination of Cr in 
medicinal herbs were compared 

leaser radiation was used to exdtc Cr and fluorescence emission 
was observed at 302.2 nm or 357.9 nm. Atomisation of sam|to 
of water, ^istrointestinal perfusate solutions and serum was 
performed in pyrolytically coated graphite tubes, using either 
Z5 g r * Mg(N0))2, 2% Triton X-100 or no modifier. tOO was 
80fg 

The determination of Cu and Zn in 100 pi of serum by derivative 

microsampiing FAAS was reported 
Facton influencing Cu and Zii conoenUations in scrum of individuals 

from the Canary Islands were discussed 
Cu, Fe and Zn were detcnnined simultaneously in serum diluted 80-fold 

with 0.01% w^ Triton X-lOO 1% v/v HKO^ 
Tungsten probes woe used to introduce the sample into the graphite 

tube, providing better sensitivity and LOD 
Cu, but not Fe, in the aqueous humour of steroid-treated rabbits was 

Ggnificantiy lower {P < 0.001) than in controls 
See Cd, rcf. 99 

A W Rh treatment on the platform was used as a pcrmancat modifier 
for the determination of Cu in digested and shury samples. Results 
were oompurablc lo those obtained with Pd + Mg(N0j>2, but the 
tutK lifetime was increased and there was less variation of analytical 
slopes 

Growth retardation and altered levels of Cu, Fe and Zn in 
testicular tissue were observed in adult male rats exposed to 
fomuddetqrde 

A new device for the direct introduction of solid samples in FAAS is 
described using the determination of Cu in a Bovine Liver RM as an 

Mean Cu, Fe and Zn concentrations measured in colostrum were: 
0.54 ± 029 mg \'\ 1.72 ± 1.01 mg r* and 6.97 ± 2.82 mg r\ 
respectivety 

Co, Fe and Zn levels were determined in 80 samples of healthy tissse or 
breast carcinomas. Higher levels Cu, Fe and Zn were observed in 
tumour u'ssue 

Eu^'*^-tabelled streptavidin was used us part of an inununoreaction 
system. The concentration of thyroid stimulating hormone in serum 
was detcmuoed by measuring the Eu''^' firadion bound to the 
immnnooomplex 

SeeCu,rcf.7l 

Sec Ca, ref. 291 

See Cu, ref. 299 

Sec Cu, ret 300 

SeeCu,re£ 60 

Fe was found in significant quantities in the tagenal otoliths of birds. 
This comprised tiny magnetic particles which may provide a 
geomagnetic sensory input, fitmn which navigational information 
could be inferred 

See Cu, rcf. 39 

Gd"' was complexed with 2-<5-bramo-2-pyricl|ylazo>5- 
diethyfaunioopbeool in the presence of non-ionic mtceUes of 
PONPE-7.5. The msceUar system was loaded into the FIA, 
where the surfactant ricb-phase was retained in a micro-column 
and hiter chited with 4 mol r' HNQ) directly into the plasma. 
The mhancemcnl factor was 20 for a 10 ml sample. LOO was 
40ngr* 

In a study of 106 urban elderly subjects, 00 relation was observed 
between Uood Hg and oogiutive function, arterial blood pressure, 
age. gender or body mass index 



135 



136 
32 



252 



84 

139 
71 
90 
299 



99 
138 



300 



85 



60 



39 



91 



71 

291 

299 

300 

60 

68 



39 
6 



301 
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TaUle 1 Analysis of cUnol and biological materials (jamiUiued) 



Elenient Matrix 



Technique; 

atomizatian; 

piemtation' 



Sample txeatDscQtAxnnnic&ls 



ReT. 



Hg 



Hg 



Hg 
Hg 

Hg 



Hg 

Hg 
Hg 

Hg 

Hg 

Hg 
Hg 

Hg 

Hg 

K 
Mg 

Mg 

Mg 
Mg 
Mn 

Mn 



Blood, 



Blood, urine, 
suUvu 

Plasma 
Urine 

Urine 



Hair, Chinese 
TOtdicin et 
(CRM) 

Hair 
Hair 

Hair 



QuDcse 
medicines 



Placenta 
Biological 



Biological 
samples 



Biological 
materials 

Urine 
Urine, 

dialysate 
Blood, laeces, 

milk, urine 
Urine 
Aiteries 



Serum 



Mn Heri»l 



Mo Blood 



Mo Urine 



AA,-CVa. 



AA;CV;L. 



AA;ErA;L 

Msacp;n 

AA;CV;n 



AA,-CVa. 

AAfrA;L 

AF;CVKX: 

MS;ICP;HPLC 



AA;sS 
AA;CV;- 
MS;ICP;- 



AF;CV;L 
AF;CV;HPLC 

A£:MIP;GC 

MSaCP;ETV 



AE;ICP;L 

AE;ICP.L 
AEJCP;L 
AA;ETA;L 



AA;ErA;L 



AA;ETA;S1 



AA;ErAa' 



AA:s- 



Samples were acid-digested in closed vessels with a HNOi HQO« 
mi]iture in a mtcrowsivc oven. Hg complexes with 0,0- 
dicthylditbiophosphoric acid ammonium suit were retained on a Cit 
oohmm and ehited with CH3OH. After oo-lioe reduction with 
NaBH4, Hg was measured. LOD was 20 ng 

Hg leveb m blood and urine of subjects with amalgam fillings were not 
difleient between those claiming or not dainung symptoms^ Hg leyds 
in saliva did not correlate with the ooncentnitians in blood and orine 

Sec Cd, ref. 292 

RcfcrcDcc values for Hg in orine obtained lr<mi 3g3 subjects Irom 4 
Italian dUes were reported. The median was 0.8 |ig g"' cieatinioe 

Total Hg was determined after on-line oxidative treatment of the sample 
in a microwave oven, using a KBr KB1O3 mixture and final 
oxidation with KMn04. LOD was 0.03 pg T ' Hg and prcdsion less 
than 2 3%, compared with pg and 3 5% for AAS detection 

Hg was determined by CVAAS after sample pressoije dissodation with a 
mixture of HNO3 HfitiA •¥ 1 + i) and SnO, as the 

reducing agent. Air could be nxd instead of Ar as the carrier gas. 
LOD was 0.5 ng ml**, RSD was <3.2% and lecoveiy was 9A.6 102% 

Hg was determined aAer add digestion and complexation with 2.3- 
dsmercaptopropane-losulfonate. Metbylnuicury was extracted from 
hair with 2.0 M HO and analysed directly 

Methyfanercttiy was measured in human hair aikr add digestion using 
aqueous ctl^tion and headspace solid-phase microcxtniction 
samplmg. LODs for mcthyfanercniy and Hg'**^ were 50 and 80 ng g* . 
respectively, for 100 mg of human hair 

To separate inorganic and methyhnercury, O.J g hair samples were cold 
digested with 2 ml HNQi 1 ml H2O2. 0.1 M HQ was efficient for the 
removal of metfayfaDcrcBiy, but removed only 65% of the spiked 
inoiganic Hg 

Hg was detennined in Chinese medidnes using AA coupled with a 
pyrolysis unit. This airangement allowed the analysis of solid samples 
(20 mg) without any sample prctreatment. Precision on real samples 
was 3 7% and recovery was 97.6 102.7%. The method compared weU 
with CVAAS and ICP'MS 

Both inorganic Hg and methyfaneiBuy were determined in placentas 
Cram 1 19 Swedish women. Inorganic Hg tncieased with the number of 
dental fillings 

A method was devdoped for the separation and detcnninatioo of 
mcthybncrcuiy in biolo^cal samples after a microwave-assisted 
alkaline digestion. LOD was 10 pg kg** and RSD <g% for 
concentrations ranging from 0,13 to 3.0 mg kg~* 

Smqde preparation involved microwave cxtradion with 3 M HCl, 
fc^wcd fay aqueou^'phase denvatisation with sodium 
tetraphenylborate and solid phase microextraction with a silica fibre 
coated with polydimethylabxane 

Ko sample preparation was required. The solid sample was inserted into 
a graphite furoaoe of the boat-in>tobc lype. Spedation was achieved 
by sdeetive temperature programming. ID was used for quantification 

SeeCaief.290 

See Ca, ref. 79 

See Ca, ref. 12 

SeeCBRf.290 
See Oi, zeC 291 

Serum Mn leveb were determined in 250 healthy subjects aged 15 90 

years. The geometric mean was 1 .1 pg r\ range: 0.3 2.5 pfi P . 

Results were studied in relation to age and gender 
Samples were dihiled 1 + 3 with 1.0% v/v HNOj 0.10% w/v Triton 

X-100. -Hie chemical modifier was Pd (20 pg) + MgCNO,)} (10 pg). 

An oxidant mixture (15% w/w H3O3 + 1*0% v/v HNOa) was added to 

reduce carbon build-up. The values of mo were 6 pg (Mn) and 46 pg 

(Se). LODs were 6.5 pg (Mn) and 50 pg (Se) 
A 10% glycerol soluU'on was used as the shirry medium and chemical 

modifier in a molybdenum atomiser tube, llie LOD was 69 fg. 

Results weie in agreement with those obtained on actd-diigested 



Samples were dihited I + 2 with 0.1% vfv Triton X-100. Hb (25 pg) was 
used as a diemical modifier. Build up of carbonaceous residues was 
reduced by a 'blank' aoalysb of 20 )il 15% w/v H3O2 every 5 firings. 
LOD was 0.6 pg P' and fflo 7.2 pg 

Procedures for the coflection of urine for Mo analyds in children were 
evaluated. Mo oonoentratians in 24 h specimens ranged from 0 to 
124 pgP' 



151 



159 



292 
IfiO 

152 



153 



101 



102 



96 



lOS 



158 



157 



154 



ISO 



290 
79 

12 

290 
291 
(49 



70 



107 



164 



162 
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TaUe 1 AnalysB of dinical and biological materials (continued^ 



Techaique; 
tttonuzutioiii 

Qement Matiu pieseataUon' Samirfe tocutmcDtfeoiniiicnts KcT. 



Mo 


Urine 


MSaC7;L 


Mo 


Faeoes* 


AA;-;- 




plama 


MsacP:- 


Mo 


Faeces, urine 


AA;-;- 






MS;ICP;- 


Na 


Urine 


AE;ICPa. 


Ni 


Saliva, semm 


AA;ETA;- 


Ni 


Senxm, urine 


AA;ETA;L 


Ni 


Urine 


AA;ETA;L 


Ni 


Urine, drinking 
water, industrial 


AA^^O- 




waste water 




Ni 


Skin 


AftlCP;- 






M5;ICi>:- 


Ni 


Tissne 


MSaCP;LA 


? 


Blood, faeces, 


AE;ICPa. 




sulk, urine 




Pb 


Blood, urine 


AA;ETA;L 






MS:ICP:L 


Pb 


Blood, urine 


AA^A;L 


Pb 


Blood 


AA;ETAa' 


Pb 


Blood 


AA:ETAa. 


Pb 


Plasma 


AA;HrAa' 


Pb 


Blood, urine 


AA^A;L 


Pb 


Blood 


AA;ETA;L 


Pb 


Blood, plasma • 


MS;ICPa' 


Pb 


Urine 


AA;ErA;L 


Pb 


Tissue 


AA;s- 


Pb 


Brain 


AA:ETA;L 


Pb 


Biological samjdes 


AA;ETA:L 




(CRMs) 




Pb 


Hair 


AA;ETA;S1 


Pb 


Teeth 


AA:ErA:L 


Pb 


Teeth 


AA;ETA;L 



Pb 



Pb 
Pb 



Chinese medidoes 
Biological and 

geological 

sam|4es 



AA;ETAa. 



AA;ETA;L 
MS;ICP;H0 



Samples wcic dilated with 1% HNOj {yfv). In and Y were used as 161 
internal standards. Determinations were curried out at '*Mo. lOD 
was0.2)igr' 

Balance studies were carried out to investigate Mo deficiency in infants 302 

with pretematuial anus ' 
Mo absorption and kuctia of excretion was tnvestimlcd in 10 infonts 163 

with a gestational age of 35 (30 39) weeks, using ^^o as an 

extrinsic tag 

See Ca« ref. 290 290 
See Cr. ref. 133 135 
A method using aqueous calibration standaxds and H2O2 as a chemical 165 

modifier was proposed. LOD was 0.2 pg for both semm and urine 

samples. RSD was 10 15% for serum samples and 8 10% for urine 

samples, at concentrations of 0.5 2^ ^ 
Sec Cd. icf. 294 294 
Ni was retained on Diaion HP-20 lusin as l-nitroso>2HUiphthol complex 166 

and ehited with 1 M HNO3 in acetone, prior to FAAS detennination 

Skin adsorption and penetration of NJ salts was investigated in nw> 167,168, 

169 

Spatial distribution around Ni-containing implants was assessed In vivo 170 
in rats 

SeeCB,refl2 12 

Ihe performances of specialised laboratories using ETAAS, ASV or 94 
ICP-MS techm'ques td determine Pb in blood or urine were compared 

Ir was used as a thennally deposited permanent nuxlificr in the 141 
detennination of Pb in blood and urine, diluted with a mixtnre of 
0.1% Triton X-100 0.2% HNO3. Results were comparable to those 
obtained with a conventional phosphate modifier. The Ir coating 
inacased tube lifetime up to 1 100 cydcs 

To invcstigBte Pb exposure and renal tubuhir damage among adolescent 145 
worken in auto repair workshops in Turkey, Uood Pb and urinaiy 
A-acetyl /)-D-gluoosamimdase activity were measured in 39 adolescent 
workers. Both parameters wen higher than in the control gn)nps 

SeeGd,fcf.l32 132 

SeeGd,ref.292 292 

Rh was investigated as a permanent modifici for the atomization of Pb 87 
from biological fluids in tungsten filament AAS. The Rh coating 
greatly unproved the filament lifetime and allowed calibration with 
aqueous Ft> standards 

The performances of the portable LeadOire Blood Lead Testing System 142 
were assessed fay comparison with ETAAS 

In a longitudinal study, whole blood and plasma samples from 63 146 
women were analyml for Pb by using HR-ICP-MS. Plasma Pb was 
associated with blood Pb and may be applied to general clinical 
settings, provided that appropriate sampling techniques are adopted 

See Cd, ref. 294 294 

No increase of gastrointestinal Pb absorption was observed m rats 303 
imdergQing oral treatment with the chelating agent meso-2,3- 
dhnercaptosnodnic add 

Pb concentrations were dctcimincd b brain tissue Irom eases and 143 
controls to investigate Pb role in the development of diflbse 
neurofibrillary tangles with calcification 

SeeCd,ref.295 295 

SeeCd.rcf.99 99 
Mean Pb in teeth from First Nation schoolchildren (Omada) was 147 

9.2 |tg g~ ' dry weight. Ooosumption of contaminated game meat 

is snggncted as a possible source of exposure 
To evaluate Pb exposure in children, Pb was measured in 309 shed 77 

primaiy teeth collected Irom chiklren (i»ed 7.6 ± 12 years) in 

Karachi. Mean Pb level was 5.78 pg g~ dry wdght, range: 0.42 

39.75 Mg g"' 

Low Pb concentrations in bone were detennined in samples digested in 304 
a pressurized microwave system with 70% HNO|. The use of 
M83(NQ]^ Pd as a dicmical modifier avoided the specUal 
interferences arising Iram additiott of NH4HZPO4 to Ca ikh matrices. 
LOD was 0.06 pg g~' dry mass. NIST SRM 1486 was used for 
validation 

See As, ref. 288 288 
The determination of Pb by HC-ICP-MS yielded an improved LOD of 305 
0.002 ng ml~', compared with ICP<MS and HG-AFS. The 
pcrformanees of smgl^ and doable-stage ffis liquid separators were 
investigated 
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TaMt 1 Analysa of clinical and biolopcal nmteriali (conttouedj 



Ekxnent Matrix 



TcchDique; 

atomization; 

picsenutioo' 



Sample Ireatmcntfoonuncnls 



Rcf. 



Pb 

Pb 
Pb 
Pb 

Pb 
Pb 
Pb 

Pb 
Pb 

Pb 

Pb 

Pd 

Pt 

Pt 
Pt 
Pt 

Pi 

Pt 

Pt 
Pi 



Bone; blood, urine XRF;-;S 

AA;ETA;L 
MSaCP;L 

XRF;.;. 



Bone 
Bone, blood 
Bone, blood 

Bane« blood 
Bone, blood 
Blood, bone 

Bone 
Bone 

Bone 
Bone 

Urine 

Qintcal samites 

Plasma 
FlanoB 
Plasma 



Blood cdls 

TisiBcs 
Tisne 



XRF;-: 



XRF;s- 
AA;ETA:L 



XRF:s- 

AA:ErAa. 

XRF;-;- 

XRF;-;- 
AA;ETA:L 



XRFkS 

AA;ErAa' 
XRF;-;- 



XRFwS 

AA;ETA;L 
XRF;-;- 

AAfrA;L 



AA;.,-AE;-r 
MS;ICPa- 
ASV;-;. 

AA;ErA:HPLC 

AA;ETA;L 
AA;ErA;L 



AA;-;- 

MSaCP:HPIjC 
AA;ETA:L 



Pt Tissue XRF;-;- 

REEs Urine MS;ICP;ErV 
Sb Uver,blood AAOfs^H 



In an epidemiological study of middle-usMi and elderly men, tbe S5 
relatjon between bone, blood and urine Pb levels suggested that 
bone resorption inflveoces the rdcase of bone Pb stares into, 
the circoltttioa 

An assodalion between bone Pb oonoenUation and blood pressure tn 52 
early adolt life was observed in persons exposed to Pb daring 

dhfldhiK?d 

Bone Pb levels were higher in retired blue collar woiters compared lo 54 
other ooeopations. The elTect was markedly stronger in non-white 
blue ooUar workers 

In a study of 264 women aged 46 74 years, use of postmenopausal 56 
oestrogen (inverse) and alcohol mtake (poutive) were significnntly 
associated with blood Pb levels. Both bone Pb measnres were 
significantly and posittvety assodaied with blood Pb but onfy among 
postmenopausal women not using oestrogen 

Measurements of Pb in Uood during breasUeeding, ponected for 53 
maternal bone Pb, supported the hypothesis thai hieution stimulates 
Pb release from bone to blood 

Pb levels in cord blood and maternal trabecular bone were sigatficantly. I4S 
independently, and inversely associated with the Mental Developoicnt 
Index scores of the Bayley Scale 

In a case-control study, using both biochemical mcusnres (blood and 306 
bone Pb) and interviews, the risk of amyotrophic laieml sclerosis 
(ALS) was associated with higher blood and bone Pb levels. These 
results arc consistent with a potential role for Pb exposure in the 
etiology of ALS 

The accuracy of XRF determinalian in pig bones was investigated by 30? 

comparison with ETAAS measurements 
These papers review theoretical considciatians relevant to the 45,46,51 

application of L-sbell XRF for tn vivo measurement of Pb in bone 

and report on the development of an L-shell XRF system 
A correction for the calculation of Pb conoentrations and their 47 

uncertainties was proposed 
Pb concentration in tibia suifaoe was greater than in core. XRF 49,50 

measniements agreed with ETAAS for titna surface but ovcicstimatcd 

Pb Gonocntratians for core tibia 
The Pd DDC complex was retained on a column of silica C|g and 7 

ehited with 43 pL of cthanol directly into the graphite furnace. LOD 

was 9 ng and RSD between 11 J and 4.8% 
The paper reviews techniques for the deteimmation of Pi in dim'cal 171 

sampleSi indnding pfeoonocntration and spedation methods 

A method was developed to determine simultaneously dspbitin and its 174 

hydrolysis product monohydiatcd dsplatin in plasma 
Samples were dihited 1 4 with 0.2 mol P * HO. LOQ was 173 

0^ imiol r'. RSD% was kss than 14% 
Total Pt, oxaliplatin and Pt(dach)Q^'~ were measured in plasma 308 

ultrafiltrate of patients undergoing oxaliplatin administratioa in order 

to assess tbe relation between oxaliphitin biotransforaoation and 

toxicity 

The concentrations of free Pi hi plasma and urine of 12 children 309 
receiving cisplatin were measured in rdalioo lo the risk of 
nephrotoxicity 

The concentrations of satraplatin and Pt-containing products in whole 176 
blood and other biobgical fluids were measured to investigate the 
ui vUro biotmosfonnatioo of satraplatin, a candidate anticancer 
drag 

The in vUro sdenil permeability of carbopladn using different vehicles 310 

was con^sared ht vOro and in tivo 
Pt was measured in blood and tissues ((daocnta and maternal and foetal 175 

kidney; liver, brain, In^g, bean, muscle) of prc^ant rats, given 

tntravenoos cisplatin or an alternalive ^ostatic drug, Bamel-R2. 

Cis|datin showed higher aocomnlBtion in foetal tissues, mainly kidney, 

long and heait 

Pt fitmk cisplatin was determined in biopsy tissues and blood semm 67 
samples from patients with advanced bbdder cancers. LOD was 
0.01 ppm and LOQ 0.1 ppm 
Urine was iqjected directly into the graphite tube. Trifluoromethane 177 
(Ficon-23) was used as a chemical modifier. LODs were in the range 
I 10 ngr*. The RSD was less than 10 ISMatlOOngT' 
Sb spedation was achieved by sequential on-line extraction with 121 
1.5 mol r' acetic add and 0.5 mol T ' H2S04 for Sb'" and Sb\ 
respectively. Sb^ was then reduced on-line to Sb'" with L-cysteioe 
prior t_o HG. LODs were l.O pg I"' for Sb"' and 0.5 pg 



pnctf 
forSb 



. Precision was 2% 
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Tohic I Analyas of dinical nod biologjcal nmtcrials (cwrfwwciO 



Technique; 



Elcmeot Matrix 



pceSEStatioDr 



Sunqdc timmcuifeoauBcnti 



ReT. 



Sb 



Sc 
Se 

Se 

Se 



Se 
Se 



Se 
Se 

Se 
Se 



Se 
Se 
Se 



Se 
Se 

Se 
Se 



Sn 
Sr 



Blood, plasma, 
urioe, hair 



Blood 



Plasma 

Serum, urioe, 
hair 



Plasma 



fluid 

Serum 

Serum 
Serum 

Blood, urine 



Serum 
Serum 

Blood, hair 

Scram 
Uriae 
Urine 

Urine 



Urine 
Bwin 

Liver 

Proteins 

Biological and 
clinical 
samples 



Brain 
Bone 



MS;ICP:L levels in whole hlood, plasma, uiine, and hair were monitored in 122 

patients with leishmaniasis before, during, and after administration of 
^-metbylmcglDmine antimonatc SpeciatioD of Sb^ and Sb'" wus 
performed fay ion chromatosrapby using EDTA (2 or 20 mM, 
pH 4.7) as the mobile fthase 

AA;ErA^. The method applied a Rh W ooatiog to the integniied platform and a 178 

RhQj solution as chrmiral modifier. Samples were diluted \ + Ayfv 
with 0^ v/v HNO} 0.5% v/v Triton X<100. The pjnolysis 
temperature oould be increased to 1300 *C 

AA;sL In a cross-sectional study of 103 older New Zeakiod women, suboptimal 80 

plasma Se and Zn levels were reported 

AA;ETA;L Sc was detenmned in biological samples using Rh as a chemical 179 

AA;Hy;L modifier. LOD was 6 ng mT^, Results for urine woe compared with 

a FI-HG-ETAAS procedure and with HG-AFS. Two digestion 
procedures were described 

AA;BTA;L Phisma Sc concentrations were measured 3.93 ± 1.85 y (mean ± SD) 184 

before the diagnosis of prostate cancer in cases and controls from the 
Baltimore Longitudinal Study of Aging Registry. Higher plasma Sc 
levels were associated with a lower risk of cancer 

AA;ErA;L Seiun Se was lower in cirrhotic patients than in controls. Se levels in .311 

ascitic fluid were not difiercat among the groups of patients 

AA;ETA;L Age-related reference values for serum Se concentrations in infants and 181 

children were derived Iran lOJO chiMien, aged 1 d to 15 y 

AA;ETA:L See Mn, ref. 70 70 

AA;Hy;L In patients with liver damage, serum Se was significantly lower than in 312 

oontrob. Cinhotic patients bad lower Sc levels than subjects with 
hepatitis. Sennn Se was correlated with cholesterol levels and 
inversely correlated with Y-filutamic-lransferase activities 

AA;Hy-X This study investigated changes of Se levels in relation to the presence 74,75 

of Atymlgap] dcota] fifljagy 

AA;Hy;L Measurements of Se in plasma and hair of a sample of the general 313 

population in Poland suggest the need for Se supplementation in the 
diet 

AF;Hy;L Serum Se levels woe not diflerent between pregnant women with or 183 

without gestational diabetes meilitns 

AEaCP:L The capabilities of a hjgh^esohition spectrometer with laterally viewed 1 80 

TCP for Sc determination in scrum were investigated. Samples were 
pressure digested with HNO}. LOD was 0.01 0.02 mgP' 

MSJCP;- Blood and hair Se concentrations were measured in 26 women with a 182 

history of recurrent miscaxriage and 18 controls. No significant 
difTerenoe was observed between blood Se Icveb but the control 
group had s ignifi c antl y higher concentrations (0.14 gg aenxtf 
0.34 pg g"^) of Sc in hair 

XRF;-;- Serum Se concentrations from lO to 66 ng m]~ ' were determined in 78 62 

suckling 2-montb^d calves 
AF;Hy;L The stability of Se in urine with time and storage lempeiature is 5 

reported. HQ was not efTectivc as a pxrservative 
MS:ICP;IPC Se species were separated by ion-pairing cbromatogrBphy with ICP-MS 314 

detection. Heptaflnorobutanoic acid and nonafluoropentanoic add 

were used as ion-pairing agents. The method was used to investigate 

Se species m urine 

MS;ICP;HPLC Se^, selenourea , selenomethionine , setenoethionine, and 315 
trimethyiselenoninm ion were separated by reverse phase HPLC using 
a solmian of 2.5 mM Na l-bntanesulfonate and 8 mM TMAH as 
ion-pair reagent Urine was injected directly onto the cohmon. LODs 
ranged from 0.6 to 1 J ng Se ml'*. Two unknown Se species were 
detected in urine 

MS;ICP;HPLC The major Sc metabolite in rat urine was identified as Se-melhyl-yV- 316 
MS;ESI;- aoetyiselenobexosamiae 

AAflA;L Microwaved digested samples of human brain were analysed without 73 

dilution. Pd (Se) and W (Sn) were used as chemical ntodificrs. Se in 
biain ranged from 200 to 700 ng g**' and Sn from 20 to 300 ng g"' 
diywdgbt 

AF;Hy4' The speciation and subeeUnlar location of Se-containing proteins in 317 

human liver was investigated 
MSUCP£TV Ftateitts were fractionated by means of SDS-PAGE and Se deteimined 318 

in the gd bands 

MS;ICP;- A method was devdoped, based on ID and HR-ICP-MS. Samples were 185 

microwave digested with dther HNOj or a mixture of HNO^ and 
HF. Blank control required wata purification and special equipment, 
such as a PFA nebuliser and spray chamber, sapphire injection tube 
and a silicon nitride torch • 
AA;ErA:- See Se. lef. 73 73 

AAiFiL SaQi,ref.78 78 
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TtMt I Aaalysii of diakal and biotos«al matcriali (amttmttd) 



QenKnt Matrix 



Technique; 

atomizatkm; 

piesntatioi^ 



Sample ticatmentfaominents 



ReT. 



Tc 



Th 



Th 
Ti 



Tl 

U 



u 
u 



u 

V 
V 
V 



Zq 
Za 
Za 
Zn 
Za 

Zn 



Zq 
Za 



Zn 
Zn 
Zn 



Zn 
Za 

VarioQS 



VarioDS 
Varkms 

Varions 
(5) 

Various 
C7) 

Various 
(12) 



Urine 



Urine 



Duodenal 
Blood 



Hair 
Urine 



Urine 
Urine, hair 



Urine 
Blood 

Frotdnt 

Tbnie 



Serum 
Serum 
Semm 
Plasma 
Urine, 

dialytate 
Urine 



Hnman milk 
Pmteins 



Testicular tissue 

Brain 

Tissne 



Tissue 



I tissne 
Biological and 
dintcal samples; 
foods and 
beverages 
Biological samples 
Leacfaates 

Scram 



Erythrocytes, 
phisma 

Serum 



AAiHyXt A new method for the detcnnination or Te in urine I^HG AAS with 187 

derivative signal processing was developed. Both LOD (0^6 pg 1~') 
and the cfaaiacteristic concentration (0.042 fig T*) veit reported to be 
bener than those of conventional HO AAS 

MS;ICP;L Theperformanoe of methods for the dctenntnation of '^'Tb, '''U and 27 

'^U, based on quadnpole or magnetic sector ICP-MS, were 

SIMS;-;- See Ce, ref, 298 298 

AE;ICP;L TiOj was administered to male vohinteers, aged 24 to 66 y. Basal blood 188 

Ti concentrations, measured by ICP-AES after destruction of the 

organic matrix, were 1 1^ pg 1~* (RSD 4.1%). Ti absorption from the 

gastrointestinal tract depended on the particle sizB. A high individnaj 

variability was observed for blood Ti coocentmtions in idation to the 

amount of Ti administered and time after dosage 
MS;ICP*JETV A method for the direct determination of the longitudinal distribution 97 

of TI in hnman scalp hair was developed. LOD was 0.7 pg, 

corresponding to about S ng g"' of dried hair 
MS^CP;L A method was developed for the deteanination of U in urine by isotope 189 

dilution vfith Ibe procedure was validated by comparison with 

ulpha-spectromctiy and oaalyss of a CRM 
MS;iaE»;- See Th, itf. 27 27 

MS;1CP;L U in urine samples from 103 Canadian Fon» personnel was 190 

INAA;-;- determined independently by two different methods: median 

concentrations were 2^ ng (ICP-MS) and IS ng T' (INAA). 

Isotope analysis^ carried out on hair samples, did not show evidence 

of contamination with depleted U 
XRF;-;- U was determined in uiine following a preooncentration step 61 

AA;-;L V pharmacokinetics and oral bioavailability was determined in ruts 191 

administeitd vanadyl sulfate 
AA;ErA;L The binding of V to human scram albumin, fresh frozen plasma and 192 

transfenin was investigated 
AA;-;- V was detcsmioed in lissoes of mice exposed intravagioally to 193,319 

vanadooene dithiocartiamate, an experimental oontraoeptive agent 

V content in tissue (<1 pg g"*) and other experimental evidence 

indicated hick of systemic toxicity or effects on rcprodoctivc 

peffomottce alter the experiment 
AA;F;L See Co, ref. 84 84 

AA:ETA;L See Cu, ref. 71 71 

AA;F;L See Cu, ref. 139 139 

AA;.^' SceSe.fef.80 80 

AA;-;- SeeOi,ret79 79 

MS;ICPtL Fractioaal Zn absorption in bitast feeding women given Fe supplements 320 

was ealcnlated using Zn stable isotopes and measuring Zn tsotopic 
enrichments in urine 

XRF;s- See Cu, ref. 60 60 

MS;-;- Nanospray and oollisionally induced dissociation on a quadrupole/TOF 321 

mas spectrometa were used to investigate Zn complaes with 
. proteins and pq>tides 

AA;..- See Cu, ref. 300 300 

MS;ICP;- See Cd, ref. 131 131 

AE;ICP;L The inhibition of bacterial growth in the rat prostate with chronic 322 

prostatitis after intraprostatic injection of Zn was investigated. 

pjrosmtic Zn levels were compared in treated rats and controls 
XRF;-;- Diffeicooes were observed in Zii levels in cancerous and notmal tissues 40 

of human prostate 

XRF;s- SeeCa,fef.39 39 

The 2002 ASU highlighted recent trends, indudmg work to validate the 1 
use of XRF, fbrthcr appHcations of iccholques for As speciaUon, and 
for the first time invesUgalions involving oigantcal^ produced foods 

Recent developments in mM spedation techniques were reviewed 2 
MS;ICP;L Devices for sampling and storage of Uood and scrum were assessed for 4 

^:l yIT^wlt^^ | coatamination 

AA;ETAU^ Go, Mg. Mn, Pb and Zn were oseasoied in surgical patients receiving 323 

total parenteral nutrition. Supplementation with essential elements is 

AA;ETA;L The binding of Co, Ci, Co, Fc. Mn, Ni and Zn to proteins in Uood 81 

fractions was investigated by means of hydrophobic interaction 

chromatography and ofT-line ETAAS 
A£aCP;L Al, Cd, Co, Co. Fc, Mg, Mn, Mo. P. Pb, S. and Zn were dctennined in 324 

serum, its ultrafiltiatcs and hair of liquidators of the Chernobyl 
' Nudear Power Plant accideat who were working in the disaster 

region in 1986 1987 
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TaUt t Analyris of clinicai and bloioB>cal matcrialt (cofUinued) 



Element Matrix 



Technique; 

atomization; 

picsc&t&tionT 



Sample treatmcxtApoinincnti 



Rcf. 



VarioQS 
(12) 



Various 
(14) 



Various 

(4) 
Various 

(4) 
Various 

(4) 
Vaiions 

(6) 

Various 
(noble 
metab) 



Various 
(5) 

Various 
(4) 

Various 
(23) 

Various 

(20) 

Various 
(9) 



Various 
Various 

Various 
(16) 

Various 
(14) 



Various 
(12) 



Scnnn 



Scnm 



Various Blood, scrum 
(13) 



Scram 
Serum 
Urine 
Urine 



Urine 
Saliva 

Hnmsin milk 
Bile, gallstone 
Gastric juices 



Amniotic fluid, 
placenta 



Ptotdns 
Brain 

Tissue 

Tissue 



Various Biological 
(7) ' samples 



llssne 



Various Tissue 



Various Lung, soQ 
(5) (CRMs) 



Various 
(J) 



Tissues 



MS;ICF4. Al, Cd. Co. a. Cta, Fe. Mn, Mo, Ni, Pb, Sr and 2n we detensined 23 

in scnun from 19 bealUiy subjects aAer digestion in a 
dosed-vessel microwave oveo with HNO} H2O2. For Al 
analysis, scrum was digested at otmospheric pressure with 
IMAH 

MS;ICP;L Al, Cd. Cb, Oo, a, Co, Fc, Mn, Mo, Pb, Rb, Sr, U and Zn were 29 

detennincd in 1 •!> 4 diluted scram of 59 blood donors and 14 
hemodialysed pattenu. Sc, Ga. Y and Ti were used as internal 
standards. Fe, Ctt and Zn were also determined by isotope dilution 
analysis 

MS:ICP;L Cbncentmtions of Cd, Co, Cu. Hg, Pb, Rb. Rh, Pd. Pt, Sc. Ti, W and 22 

Zn were determined in samples from 372 15-ytar-old adolescents in 
Sweden 

XRFr;L Fe, Cu, Zn and Se were detcmuncd in serum samples from normal 58 

individuats and cancer poticnis 
XRF;-:L The applicability of direct TXRF to the detenmnation of Br, Co. Se 57 

and Zn in serum was investigated 
AA;-;- O. Cu. Ni and Pb were drtennined in urine aAer prcconcentration on 325 

Ambcrlite XAD-2000 as I-(2'pyridylazo)-2-napbtho] cbelates 
MS;ICP; 22 organic species of As, Ge, Hg, Sb, Se and Sn were detected and 18 . 30 

HG.cic identified in human urine after fish consumption. LODs ranged 

between 2 and 12 pg r' 

MS;ICP;ETV A chelating agent, 0«C>Klicthyldithiophospbate, and a non-ionic 172 

surfitctant, Triton X-IU, were added to add-digestcd samples. 
At temperatures up to the doud point« a surfuctant-ficb 
phase is separated, containing most of the noUe metals 

compjfTtrrf 

AE;ICPX Cd. Cu, Mn, Ki and Pb wen preooncentrated on AGS0W>X8 14 

resio and duted with 3 md P' HQ, using an on-line micro-mle 
flow system 

AA;-;L The changes in Cd, Cu, Se and Zn content of Finaisb human 269 

milic since Se luppkmcntatiott of all agricultunil fertiliaexs were 
documented 

AEHC^t Samples were digested with HNO) (5 ml) and H3O2 (3 ml) in PTFE ' 17 

vcssds. The oooocntrations of Al. As. B, Ba, Ca. Cd. C6, Cr. Cu, Fe. 

Hg, K» U, Mg. Mn, Mo, Na, Ni, P, S, Ti, V and Zn were determined 
MS;ICP;- Toxie dements (Al, Ba, Cd, Cr, Co, Fe, Hg, U Mg. Mn. Ni, Pb, 9). 25 

Sn, Sr, Te, TI, V, W, Zn) were quickly released from button batteries 

ID simtolated gastric juice 

XRF;-:« The dcmcntal composition of smniotic fluid and samples was 59 

determined by TXRF aAer removal of the organic matrix with HNOj 
and Oi plasma ashing. Phioenta samples were lyophilised prior to 
analysb fay EDXRF. C^, Mn, Ni, Pb, Se and Sr oonoentratiotts were 
very low. Ca, Co and Fc concentrations were correlated with 
mother*s age and newborn weight 

MS;ICP;L The paper reported simulttinfious determination of proteins using an 93 

element-tagged immunoassay coupled with ICP-MS detection 

AE;IC3*;L Cn and other trace dements (CU, Fe, Mg, P, S, Zn) were measured in 18 

the bmin of a patient who died with Wilson*s disease. Cn levds (88 
158 pg g~' dry wdght) were higher than reference values 

AE;ICP;. Al, As, Cd. Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Si, Sn. V and Zn were 21,326 

measuxtd in liver, kidney, oeicbrum, heart, spleen, lung. bone, hair 
and nail from autopsied Koreans, aged 12 87 years 

A£;ICP;L Autopsy tissue samples from the brain front lobe, cerebellum, heart, 19,20 

kidney (cortex and mednUaX liver, pancreas, spleen and ovaiy were 
andysed for Al, B, Ba. Cd, Co, Gk, Cu, Fe, Mn, Ni, Pb, Se. Sr and 
Zn in 30 (17 women and 13 men) subjects aged 17 96 y 

AE;ICP;ETVJS1 The direct analysis of micro-amounts of biological samples was 16 
reported. LODs for Ca, Cr, Cu, Fe, Ti, Y and Zn were Il.O, 2.0, 1.2, 
2 J, 1.0, 5.8, and 242 ng ml^', respectively. RSDs langBd from 2.1% 
Cri)to4.4%(a) 

MS;1CP;- Concentrations of As. Cd, Co. Cr, Oi.Pb, Mn, H& Ni. Sn, V and Zn 24 

in liver, lung, kidney, brain and bone samples from 78 non- 
occupatiooaBy exposed subjects were reported 

MS;ICP;1A Direct analysis of trace dements in thin sections of soH tissues was 34 

achieved using a cryogenscally cooled abbtian oeU. Precision of 2 6% 
was achieved for tissue sanqites ablated at icmperatnics bdow 
-60 'C 

MS;ICP;- High-performance chelation IC coupled to SF-ICP-MS was used to 28 

sepamle and detenmnc Am. Np, Pu, Th and U. The method was 
tested on CRMs (NIST 4251 Human Luog and 4353 Rocky Flats 
SdO 

XRF;-;- Concentrations of at least 5 elements (As. Cu, Fe, Pb and Zn) were 327 

determined in pari mortm soft tissues from a Portuguese king to 
clarify the drcomslanoes of his death in 1826 
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TdJg 1 Analysb of diniail and biological ipatcriali (flwili>iiiarf) 



Elemeol MbUu 



Technique; 

atomiziitioa; 

pRsaitiition* 



SaiBp ie treatxBcnt/boxiixiicnis 



Ref. 



Varioiis Tissue 
(14) 



Varioiis Tissne 



Various Tissne 
(15) (dolphin) 



Various 
(6) 



Various 
0) 



Various 
(4) 



Teeth 



Hair 



Chinese 
medtdnat 
material 



XRF;-^ 



PDCE;s 



AA;F;L 
AA;ETA;. 

AEacP:- 



Various elements (As» Br. Cb, Co, Fe, K, Mn, Ni« P. Rb, Se, Sr. 
Zn) were determined in post-mortem samples of liver, brain and 
kidney from subjects saflering from liver cirrhosis and controls. 
Increased amounts of Zn were found in kidneys from snl:9ects with 
dirhosis 

Elemental distributions at ihe tracheal and bronchial mucosas were 
chemically characterised. Al. Or, Cu. Fe, Ni, Si, Ti, V and Zn were 
detected at the distal respiratory tract Al, Si, Fe and O 
accumulated mostly in the phagocytic cells and capsule of lymph 
nodes, while V and Ni nccumulatal in the cortex and poiacortex 
medullar areas 

Tbt concentrations of As, Br, Qi, Go, Cu, Fe, Hg, K, Mn, Ni, Pbi Kb, 
Se, Sr and Zn, were measured in musdc, liver, lal tissue and skm of 
two dolphin specie s . Differences were observed between tissue types 

CU, Cu, Mg, Pb, Sr and Zn wen: determined m 67 deciduous teeth firam 
children in Venezuela, aged 87.76 ± 34.50 moaibs, range 29 151 



64 



43 



110 



76 



Various Mane hair AEaCP:- The oonoentnitioosof As. AU Qi, Cd, Cr, Cu, Fe, Hg. K. Mg, Mn, Na, 104 

(18) (horse) Ni, P, Pb, Se, Si and Zn in the mane hair of reciag horses were 

determined 

MS;ICP;L Methods for the pre-treatmcnt and determination of As, Cd, O, Hg, 95 

Pb, Sb and Se in human hair were developed. Washing with 0«1 M 
HQ was efficient for the removal of external Cd, Hg and Pb, 
wfaocasi for As, O anjJ 5b^ 1 % (v/v) sodium lauryl sullate was 
prefencd. Se was not removed from the hair by aay of the washing 
methods smdied ' 

MS;ICP;Hy A novel sample introduction technique was applied to the 106 

determination of As, Se, Cc, and Hg by dlher the Hy or CV 
tcchniqae coupled with ICP>MS detection. Only 4 pL of sample 
were reipured for CV generation. LODs were in the fg 
range 

Tiy indkates hydride and S, U G and SI signify solid, liquid, gas or slurry introduction, respectively. Other abbreviations are hstcd elsewhere. 



1.9^ Tltaoium. Bockmaim ei al.'^ used ICP-AES to 
detennine levels of Ti io blood before and after oral 
admiiustTation of TIO2 to human volunteers. Pre-txeatmeDt 
of the blood sample, to remove the organic matrix, was 
necessary to obtain accurate results. The authors reported a 
'normaV Mood Tt concentration of JU fig r'. They observed 
that absorption from the gastro-intestinal tract of Ti adminis- 
tered, in capsules or as a powder, was influenced by mean 
particle size. They hypothesised that poorer absorption of 
larger diameter partides was due to agglomeration. 

1.9^ UraniiUD and actinides. Followmg concerns over the 
potential exposure of militaiy personnel to U during service m 
the Oulf war and Kosovo, there has been increased activity in 
cbe measurement of actinides in environmental and biological 
samples. A number of groups have reported methods for ihe 
determination of U in biologiea! matrices. Pappas et <d," 
investigated optimum instrumental condittons for the determi- 
nation of U and Th in urine by magnetic sector ICP-MS 
and qtiadrupole ICP-MS. The improved sensitivity offered by 
the high resolution instrument allowed quantitative detenninar 
tion of U and Th from a 1(K) |il urine siunple compared with a 
500 111 sample for quadrupole ICP-MS. Good correUtion 
between the two instrumental techniques was reported (r' « 
0.991) with a "near unity" slope and '*ttear zero" intercept. The 
reported LODs for U and Th isotopes were below 3 ng P ' with 
the magnetic sector instrument and 4 ng with the 
quadrupole instrument. The methods were used to determine 
levels of actmides in urine samples from firefighters exposed to 
smoke and particulates. 

Haldimann and colleagues developed a simple method for 
the determination of C/ in urine by ICP-MS. Quantitative 
determination was achieved usmg ID measurement with 
spiked in diluted urine samples. The authors used a new design 



of concentric flow nebuliser and mini-cyclonic spray chamber 
with a sample uptake rate of 3 ml min~^ to reduce matrix 
interferences and salt deposition at the interface. They 
evaluated the method by analysing NIST urine CRM 2670, 
which has published vabios for U determined by TIMS and 
a-spectrometry. The method was used to investigate potential 
exposure to U in UNHCR staff employed in Western Kosovo. 
Ough et a/.'^ used both ICP<MS and INAA to determine U 
concentrations in urine and hair samples from Canadian forces 
personnel who had served in the Gulf war and Kosovo, as part 
of a biomonitoring programme. The total U concentrations in 
24 h urine collections were determined by both techniques at 
independent laboratories. A mean urine U concentration of 
4.5 ng r' was reported using ICP-MS compared with a mean 
value of 17 ng r' usmg INAA. The total concentrations of 
U in the urine samples were too low for isotope ratios to be 
detennined. Isotope ratio measurements were performed on 
hair samples and the ratios determined were distributed aroimd 
the natural : ratio of 137.8. 

Zarkadas et al^^ developed a method for the separation and 
preconcenttHtion of U from urine for quantitative determina- 
tion by TXRF. The authors reported that the method was 
sufficiently sensidve to monitor U intake above normal levels. 
Truscott and colleagues^ also developed a method for the 
separation of actinides from environmental and biological 
matrices for determination by HR-ICP-MS. In their approach, 
actinides were sepa r a t e d both from the matrix and from each 
other fay high performance chelation ion chromatography on a 
polystyrene column dynamically loaded with 0.1 mM dipico- 
linic acid. With optimised chromatographic conditions U was 
separated from Pu. The authors also noted that the cohimn 
exhibited selectivity for different oxidation states of Np, Pu and 
U. RcDoited LODs were 12 fg, 8 fg and 4 fg for^'Np, "^u 
and ^'Am, re^)ectivdiy. 



412 J. Anal Au Spectrom, 2003, 18, 38M27 



Vanadinni. Azay et a/.'" used ETAAS to detemiioe 
V in Uood in a study to examine the oral hioavaUahiUty and 
phamxacokinetia of V in rats following administration of 
vanadyl sulfate as an antidiabetic agent. Following dtfaer 
intravenous bohis injection or onU gavage, disposition of V was 
best described by a tbiee-cbmpartment modd and absorption 
by a zero-order rate process. The cakiibited. absolute bio- 
availabilities for two oral doses of 15.12 and 7.56 mg kg' ' body 
weight detennined from area under the curve models were 
12^ and 16.8%, respectively, which thp authors noted were 
higher than values noerally reported in the literature. 

Heinemann et a!r^ i nvestig ated the bin^ of to proteins 
in Iresh frozen plasma (PFF) and purified solutions of human 
senmi albumm (HSA) and transfenin fTF). Unbound V was 
separated from protein-bound V tons by ultrafiltratioo, and 
both tree* and total V detennined by ETAAS. The binding 
capacity of HSA was about 1000-fold less than that of FFP or 
TF. Binding of V to both FFP and TF was described by both 
saturable and additional non-saturable binding. Tbe authors 
hypothesised that V predominantly bound to plasma TF and 
that, given the high binding capacity of TF compared with 
HSA, the amount of V delivered by administration of HSA 
inAision solutions is unlikely to be of lexicological impoxtance. 

Organometallic V^^ complexes, vanadocenes, iicrfe been 
identified as novel experimenta! contraceptives, in view of their 
spermicidal activity, D'Cruz et al*^^'*^ investigated the 
subchronic toxicity of vanadocene dithiocaibamate and 
vanadocene acetlyaoetonato monotriflate. in mice. Female 
mice were administered the compounds intravaginally at doses 
nearly 1200-5000 times greater than the in vitro spermicidal 
EC50 (effective concentration) value. Following treatment, 
blood samples were taken for measurement of hacmatological 
and clinical chemistry parameters. Microscopic examination of 
suiined tissue samples was undertaken and tissue V concen- 
trations were determined by ETAAS. Neither baematologuail 
and blood chemistry profiles nor bistologica] examination 
revealed any treatment-rehited toxicity. All tissue V concentra- 
tions were less than I ^g g'^ The authors concluded that these 
vanadocenes may have clinical application as safe vaginal 
spermicidal contraceptives. 

1.9.26 Zinc The raie ofZnin prostate cancer was investi- 
gated by Ide-Ektessabi et al,^ who used XRF with a 
synchrotron radiation nucrobeam to determine both the 
concentration and distribution of Zn in iwrmal and cancerous 
prostate tissue. Zinc levels determined in the stroma of 
cancerous tissue ranged (torn 44 to 713 ppm compared with 
a much narrower range of 101-180 ppm in the stroma of 
normal prostate tissue. Laursen et a!, also used XRF to 
determine Zn concentrations in autopsy liver tissue from 
Greenlandic Inuits and Danes. The authors observed no 
significant difference in liver Zsi levels between the two 
populations. The median liver Zn concentration in the Inuit 
su^ects was 3.809 mmol kg~' dry weight compared with a 
median value of 3.992 mmol kg*' for the Danish group. They 
did note a positive condation between liver Zd and age in 
Danish women that was not found in either Danish men or the 
Inuit population. Robertson et al*^ used micro-PDCE to 
identify significantly elevated concentrations of Zn in senile 
plaques of brain tissue from Al^semier's disease patients. The 
authors also discussed the potential of LA-ICP-MS as a 
complimentary microprobe tecfamque for distribution analysis 
of elements in brain tissue. 



2 Analysis of foods and beverages 

This report reviews developments for the measuremeat of major 
and trace elements in foods, beverages, whole diets and rdated 
samples such as food and herbal si:^plements. Table 2 provides 



an extensive sununaiy of publications, inch»£og many that are 
not directly dted here in the text. 

Reviews methods suitable for the chanicterisatioD of foods 
and to detect adulteration indude the 2002 Atomic Spectro- 
metry Update,* m/tkh is restricted to atomic speccrometiy, 
while other techniques are mentioned in more general preseo- 
tatioos.'*'''*' One refers to methods ap|^ to the analysb of 
wines'^ le^iile another reviews methods to determine Al in 
tea.'^ 

Our last Update* drew attention to studies involving 
organicalfy produced foods and one further publication*^ has 
since appeared. Tissues were taken from cattle maintained 
under conventional conditions in vhidi mineral fertilisers were 
used and matched wtiiTwnic reared under ^organic' conditions. 
Lower Cd concentrations were measured in the liver, kidney 
and mammary tissue of the 'organic* cows, but Cd in musde 
was not diflerent Zinc concentrations were lower in kidney and 
higher in musde of the 'organic* catde. 

Genetic ^ifluences on the accumulation of metals were also 
reported. Strains of durum wheat that were identical except for 
the ability to accumulate Cd were grown in an experimental 
situation. Yidd was identical in the high- and low-Cd strains, 
and while there were differenoes in the concentrations of other 
dements these were not associated with the Cd content, and it 
was conduded that the low^ allde is spedfic for Cd.^ 
Genetic modification was investigated in the Se-accumulator 
Indian mustard. A variety with over-expression of the enzyme 
responsible for the incorporation of organosdenium com* 
pounds into protein did not accumulate more Se than did the 
wild-type but was able to convert the inorganic Se into 
methyiseienocysteine with much greater effectiveness.^* 

2.1 Samiding and sample preconcentratSon 

Food samples with high proportions of fat or fibre are difficult to 
homogenise. It was shown that slurries formed after cryogenic 
grinding gave reprodudble data. Samples were simply cut into 
small pieces and ground in liquid N2 for 2 min and analysed by 
ETAAS for Cd and Pb.^^ The same woiken also used 
cryogenic grinding to homogenise breakfast cereals.^ Another 
simple procedure for preparing samples involves forming an 
emulsion with a suitable medium. Benzo et a/.^ successfully 
used an emulsion (35%) of margarine with Tween 80. 
Concentrations of Fe and Ni determined by ICP-AES were 
simiUa- to those obtained after a lengthy digestion method. 
Four surfactants were investigated in another study in which 
"microemulsions' were prepared for measuring Mn in different 
foods.** 

2.1.1 Extracdon. A number of interestmg studies were 
reported in which simple rapid extraction procedures were 
exploited and/or compared, proteolytic enzymes enhanced the 
extraction of Se from various food types prior to spedation and 
measurement.^^ A combination of protease vm and Upase 
VII was particularly effective. Ultrasonic energy to increase 
extraction speed and effickncy is regularly reported,^'^*^ but 
m a novel application Cu was extracted from solid mussel 
samples nstog an ultrasound-assisted on-Une flow injection 
manifold connected to an FAA specOrometer.'* * Altemativdy, 
microwave eneisy may be used to promote extraction. Several 
experimeotSp with up to 15 different extraction methods 
comparedy have been reported and the use of microwaves 
generally provided the most favourable resulu.'*"*^"**^ The 
detailed work of Brisbin and Caruso**' induded investigating 
the influence of the solvent used on the extraction of different 
inorganic and oiganic species for a range of different dements. 

2.1^ Digestion. Sample preparation by digestion of organic 
material with concentrated add reauins bugdy popular. 
Methods are straightforward and there are very few oew 
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developments but it is worth oodag the use of ashing aids io 
deal with difficult sample types. To measure Cd and Pb In 
sonflower oil Qmz er a\}^^ included VjOs, while complete 
convenioa of AB and AC in fish tissae to As^ was accom- 
plished with the use of KiS^s*''^ ^ ^ companUiyB study of 
add extraction, add digestion and dry ashing of total diets, the 
extraction procedure was reconmieiided as it was fast, simple 
and gave accurate results for the measurement of Go; Qi and 

2.13 PrecoDGentration. Aove/ approaches to preconcentra- 
tion are always of interest and several have been repozted. 
Cryogenic trapping and GC separation of Hg species was 
accomplished in the same capiUaiy column by Dietz et al 
Dimethylmeicury, methylmercuiy and Hg" were measured in 
fish with LODs of 6.0, 0.95 and 1.25 ng r\ respectively. Gold 
wire has long been used to trap and concentrate Hg vapour but 
it has been shown that the species SeHa decomposes to Se^ and 
may be collected on gold wire heated to 200 ''C With 
subsequent beating to 600 X, the Se was released into a stream 
of H2 and the hydride then formed was measured by APS or 
AAS. The LOD, with a 5 min collecdon time, was 5 pg ml"' 
and Se was detomined in mmeral Water sam|des.^'^ In two 
papers by He et of.*"**'* concentrations of Or and Pb in 
drinking water were enhanced by the use of an electrostaddng 
technique, as part of what was described as au electrokinetic 
flow analysis system. Optimum parameters were derived for 
sample tube cms-section and stackmg time, and with ETAAS 
for noeasurement LODs were in the low ng r' rauge. 
Procedures involviug extraction of anafyte into micelles of 
non-ionic surfactant (doud point extraction) were exploited for 
the pieoonoentration of Hg in water^ and speciation of Fe 
(see 2.4 below). 

Methods involving analyte trapping onto resins orfimctiona- 
Used support matertaJsvaHtun FI systems are now so regularly 
reported that they may be regarded as routine. Among the 
many reports in this vein one included a comparison of four 
sorfaents used to retain Pb from tap water. Sorption capacity, 
loading half times and tolerance to major ions were inves- 
tigated and the LODs were given as 2.44-7.87 ng ml''."' U 
et al^ repotted a multiplex system where repeated short 
samplings were loaded onto an APDC trap. This permitted 
much greater retention efficiency than with a single loading 
over a prolonged time, and an extended linear range. With 
samples of water, herbal medicines and tea, the enhancement 
foctor for Pb was 57 and the LOD was 8 pg P'. In two related 
papers Cd and Pb in wine were measured by ICP-AES. The 
respective enhancement factors and LODs were very impress- 
ive at 216 and 5 ng 1" * for Cd, and 225 and 0.15 pg P' for 
pi^ 223.224 ^ rather more unconventional analysis, Cu, Fe 
and Zn were measured in ram by EDXRF with ng ml~ ' LODs 
after APDC preconcentration.^ 

It is not usual to have to determine 77 in foods and bevera^ 
but a method for measurement in wine was reported*^* 
Samples were digested with HNO} and H2Q2 and the Tl 
extracted in IBMK for ETAAS. With a 50-fold preconoentia- 
tion, the LOD was 0.05 pg F*. 

22 Speciation 

Methods for the chromatographic separation of the As and Se 
spedes found in biological specimens have readied a sufficient 
stage of maturity that minimal details are now included m 
many publtcations. One example of this trend is a commerdalh 
avaitable "Speciation Kit" available for the separation of As , 
As\ MMA and DMA m drinking vrater.^ Notwithstanding 
these achievements, some workers continue to ie'«vahiate the 
basic chromatography, eg., to measure As in apple extiacts.^'^ 
However, a hu-ge proportion of the wort: involving LC seen in 
the last year focuses on other an innovation in the sample 



preparation or on the detail and significahoe of the analytical 
results. Of five methods compared for extracting Se spedes 
firom mushrooms, a procedure involving extraction with H^ 
and digestion with pepsin and trypsin was most eflective.^ 
Haem and non-haem-Fe in cooked or uncooked meat,- sepa- 
rated by HPLC-ICP-MS, indicated that much of the haem-Fe 
was lost on heating. However^ a spectropfaotometiic procedure 
showed no sudi loss and it was inferred that the extraction 
method for HPLC was inappropriate.^ Thirty seleno- 
compounds from yeast extracts were separated, although not 
all were identified, using sequential SEQ anion-cxchange and 
cation-exdiange reactions. This so-called 'three-dimensional 
IXT was linked to an ES-MS for detection.^ Moving away 
from LC, Hg in fish was spedated by OC in which the capil- 
lary cohmm was employed for the dexivatisation, cryogenic 
trappmg (see 2.1.3, above) and the separation prior to detection 
by MIP-AESJ" Separate measuremeot of Cr^ and Cr^ is 
onportant because of the cardnogenid^ of Or^. This objective 
was realised in water samples by adsorption onto neutral 
alumina foUowed by duUon of Cc^ with 4 M HNO3 and Cr^' 
with 1 M NH4OH. The Gr was measured by ETAAS with an 
LOD of 0.01 pgr'.** 

23 Applications using hydride generation 

While HO continues to be popular most of the intemting 
aspects concern the steps involved in sample pretreatment and 
speciation. However, attention is drawn to two studies. The 
fbrst involved measurement of arsenosugars in aqueous extracts 
of oysteiii."' The authors found that results given by LC-ES- 
MS were about half those obtained when LC-HG-AFS was 
used. The discrepancy was attributed to a severe matrix effect 
and was abolished by using standard additions calibration, or 
by employing an extensive clean up with anion-excbange and 
SEC, for LC-ES-MS. In a particularly unusual appltouion, Zn 
was measured in foodt as the hydride derivative by AFS,^^ 
Samples were taken into cetyltrimetbylammonium bromide 
tnic^ltw and these organised media led to improved hydride 
generation compared with an aqueous medium. Satisfactory 
results were reported for CRMs. 

2.4 Applfeatloiis using flame atomic absorption spectrometry 

In recent years developments invohrmg FAAS have mainly 
been consequrat upon , on-^ine fl systems for sample pre- 
concentration. Examples of this work have been seen again 
during the last year, induding one where Ni was determined in 
food awrnplea after enrichment using an Amberlite XAD-2 
column loaded with 2-<2-benzothiazoylazo)-2*/>-crcsoL The 
LODwasl.lpgr'."' 

However, there are a number of other interesting develop- 
ments for flame analysis reported in the last year. Barium in 
mineral water was measured with an LOD of 0.034 mg 1"' by 
using an Orenriched air-QHj flame.^ Maximum sensitivity 
was achieved with 02 at 52% in the mixed gas and the O2 : CiHi 
ratio at 0.72. A water-cooled quartt atom-trap was successfully 
employed to measure Pb in Chinese herbs; conditions such as 
trap position, flame composition and semiring time were 
optnnised.^^ Flores et al have developed a mo.fr orighial 
accessory in which 0.05-0.5 mg of dried powdered sample 
(<80 pm particle size) was placed m a polyethylene Wal 
connected to a glass chamber. Air flowing through this device 
produced a dry aerosol, which was conducted to T-shaped 
quartz tube mounted on the buner. A transient atomic vapour 
was produced and the non-atomic absorotion was very low 
with a characteristic mass for Cu of 1.5 ng."^ Finally, properties 
associated with structured sample solutions, which were 
aspirated into conventional burner-flame systems, were 
exploited by two groups of worlcers. With a microemulsion, 
Mn absorption increased by 58Vo,^ whih; miceUes of a mixture 
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of non-tonic surfactants were used to extract tannins and other 
phenolic fractions from wine to permit separate measurement 
of the free and tannin-bound Fe.^ 

23 Applications osing elecfrotbenna] atomic absorption 
spectrometry 

Measuring mercury by ETAASis still an analytical challenge so 
that any report is worth mention. A modifier of Pd--Zr coating 
the iUmace allowed the measurement, of Hg in biological 
tissues, including foods. The LOD was 3 pg and analysis of 
CRMs gave consistent results.^ Food colouring agents were 
suspended in 0.1% Triton X-lOO-r/o HN03-2% KMn04-3% 
AgCNO)^ and added to the furnace. A fast hcatmg programme 
was used to avoid losses by volatilisation and the Hg LOD was 
59 pg. Results compared well with those obtained by other 
methods and with a CRM.^^ A fast heating programme was 
also emplo^d as part of a rapid procedure to determine Se in 
seafoods. Speed was attained by ultrasonio-accdeiation of 
extraction, aqueous standards for calibration and omission of 
the pyrolysis step from the measurefment With a Pd modifier 
valid results were obtained for two CRMs. 

Attempts to find ideal chemical modifiers represent a constant 
source of investigation. In a systematic study of the difficult 
task of measuring As in sugar, pyrolysis/atomisation curves 
were prepared with additions of Pd(N03)2, Pd(NOj)r- 
MgCNOjh and NiCNO^h* Different optimum conditions 
were obtained when either sugar slurries (an unusual sample 
type as sugar is normally very soluble) or digests were analysed 
but the authors concluded that Pd provided the best modifier 
for this application.^' A novel modifier with N)(N03)2 and 
Sr(N03)z mixed together was recommended when Se was 
measured in wine. The authors suggested that the mass 
required was less than with other published modifier solutions 
and was equally as effective. It was also reoonunended that, for 
complete elimination of interferences from S04^~ and P04^'', 
the samples should be digested and the Se extracted into IBMK 
as the APDC complex. Modifiers involving Ir have been 
proposed recently as this can be &pp^oA to give a more or less 
permanent coating. Grinberg et al. employed Ir m a FAPES 
procedure to determine Cd and Pb in various sample types. The 
authors optimised the coating procedure, atomisation and 
FAPES parameters. LODs were between 2 and 4 ng g'*^" 

Features of non-graphite /umaees are occasionally presented 
and, with a molybdenum atomiser used to determine Mn in 
herbal medicines, an LOD of 69 fg was obtained Samples were 
prepared as slurries in 10% glycerol, which also abolished 
matrix interferences.'^ Conditions for the snnultaneous 
measurement of Cd and Pb in wine were established using 
various modifiers of which 5 pg Pd -f- 3 pg Mg was found to be 
best without the accumulation of carbonaceous residues. Wines 
were analysed without ai^ pretreatment^' In a more 
ambitious procedure the same authors determined As, Cu, 
Mn, Sb and Se simultaneously m mineral water.^ They again 
investigated dilTerent modifiers, reaching the same condusion. 
The compromise ash and atomise temperatures were 1400 and 
2100 *C» and results of the analysis of an SRM were in 
agreement with certified values. 

2.6 Applications nstng faidodivdy coupled ptesma mass 
spectrometry 

Relatively little new work is reported this year and, as in the 
last Update,' it is noted that muhi^kment analysis tgtpears to 
represent a minor interest. However, in one extensive, 
systematic project the measusement of IS elements in cereals, 
seafoods and meat was investigated. Matrix interierences were 
detomined and jpectral interferences due to C, Caand Q were 
studied. Techniques to overcome these interierences were 
applied and a standard protocol to ensure accurate results was 



written.^' A method that has 'something for everyone* might 
be one way to describe the proosdure of Ho and Jiang to 
measure Cd, Gr, Pb and Zn in milk powder.^ Samples were 
prepared as shnries with ultrasonic mixing and introduced into 
the plasma by HTV with ascorbic add used as a modifier. 
Within the dynamic reaction cdl, interferences on Cr and Zn 
were reduced by including NHj as the cell gas. Finally, ID was 
used to accommodate matrix elTeccs— although it was also 
stated that standard additions were used. The authors report 
that results for CRMs agreed with the certified values. A 
method with no sample preparation was reported for measur- 
ing methyhnercuxy and Hg" in biological materials. ' ^ ETV of 
powdered CRMs weighed into a graphite furnace 'boat* was 
used for sample introduction. Different temperatures provided 
separate vaporisation of the Hg spedes. Calibration by ID 
involved the preparation of a permeation tube loaded with 
^°^g. fiooission of the isotope was previously determined by 
CV-AAS and CV-AFS. 

Isotopic analysis to aid the characterisation of wine b no 
longer novel but the approach depends on reliable precision. 

precision values of 0.(X)2~ 
0.003% using an SF-mass analyser. It was necessary to remove 
Rb- by cation-exchange chromatography to avoid the '^Rb 
interference.^ Iodine as iodide is unstable in HN03 so that 
inaccurate results may be obtained when samples are prepared 
by add digestion. Hiis problem was overcome by addition of 
3% NH4OH to digests offish from the Barents, Norwegian and 
North Seas.*^ Mass cut-off filters in the HPLC-ICP-MS were 
used to investigate how much of the Se extracted from oyster 
samples remained bound to protein after enzymatic hydrolysis. 
By separating the forms with greater than 10 kDa it was 
shown that destruction of protein was more effective in the 
sohible extract compared with the insoluble residue.^ 

2.7 AppBcations osing other analytical techniques 

In a most unusual piece of work the measurement of iron and 
manganese by a cold vapour technique is reported (the complete 
details were not available for review).^ The authors analysed 
a number of biscuits, inchiding some that were eiu'iched with 
whole grain fiour or other additions. The more orthodox use 
of the CV technique involves measuring Hg and interest- 
ing developments feature FI systems for preconcentration. 
Martinez and colleagues used 2-<5-bromo-2-pyridylazo)-5-dietfayt- 
aminophenol (PADAP) in a knotted reactor with CVAAS. A 
25-fold increase in concentration was achieved, and Hg in 
water was measured with an LOD of S ng P ' from a 25 ml 
sample.^ With ICP-AES detection, and with the sample 
incorporated into micelies of polyethyleneglycol mono-/i- 
nonylphenyi ether, the same Fl-knotted reactor CV system 
yielded an LOD of 4 ng with 50 ml of sample. As 
described above (2.1.3 and 2.2), an MIP-AES detector was used 
to measure fish Hg species preconoeotrated and separated by 
capillary GC"^ Although ICP-AES is a multi-dement tech- 
nique, just as for ICP-MS, few publications were seen that 
exptoit thb feature. "With their same PADAP knotted reactor 
Maitinez et dl. reported a total enrichment of 216-fold when 
measuring Cd in wine.^ A novel piece of work involved 
generation of volatile bromides with Se^ and Se^, which were 
separately measured by ICP-AES.^ 

Several applications invohdng either XHF or FIXE fair the 
aita{ps£f^y2Md[r and beverages were published in the last year. 
An unlikely znethod that determined Se in onions and potatoes 
used add digestion, co-precipitation with Te and ^^Se, 
dissolution and deposition onto polycaxixmate for PIXE 
analysis.^ The method appears far too impractical for real 
use. PDCE was also investigated for the fast determination of 
Pb in wine. As the technique does not have the required 
inherent sensitivity, 5 ml samples were evaporated beneath an 
IR lamp until an LOD of 50 ppb was met.^' Measurement of 
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Or in medicinal heibs^' and Cu, Fe and Zn in nun^ by 
XRF was rqiOTted. PitconocntiBtion step% were neocssaiy to 
obtain any results. In one truly multi-elBnicnt applkation, 
22 elements were detennined in conventional and bert>al teas by 
EDXRF.'" 

2.8 Progress for indiridiuil elements 

2.8.1 Arsedc. Total As concentrations in muscle, liver. 
Icidney and hing from sperm whale were from 0.3 to 3.0 |ig g" 
(dry weight) and u^en the species were separated most of the 
M was present as AB. Small amounts of DMA and AC were 
also detected, together with trimetbylarsoniopropionate, which 
has previously been detected on only one other occasion."^ In 
an investigation of the possible impact of contaminated saiJ and 
ground water on As in human milk, samples were collected 
from women living in three ureas of Germany. Specimens were 
collected before and after nursing for up to 90 days post 
partum. A total of 187 samples were analysed and the As was 
<0.3 ^g in 154. Results from the three regions 
(contaminated, rural and dty) were not different and it was 
calculated that the total daily intake is 0.02-O.06 pg kg*~' body 
weight.'^ C^ontaminatioQ of drinking water in West Bengal 
attracts considerable research interest from all around the 
world. A combined Japanese-German study employed a rapid 
HPLC-ICP-MS procedure to identify the As species in samples 
from one district In addition to As"^ and As^, DMA and 
MMA were detected at low concentrations ( < 2.1 ppb) in most 
samples.^ The methylated species were said to have 
previously been undetected in drinking water but in previous 
Updates we have referred to reports where these spedes were 
identififid. 

2.8.2 Cadmium. The impressive sensitivity associated with 
ETAAS for Cd ensures that the technique continues to be 
widely used for this detenninaiion.^^* For the apparently 
snnpfe analysis of wine diluted 1 + 1 with 0.056 mol T ' HNO3, 
a mixed chemical modifier with Mg and Pd was used together 
with a two step pyrolysis programme.^' The reported LOD of 
0.03 pg was surpassed, however, by a procedure tnvohdng 
ICP-AES with preconcentration in a knotted reactor contain- 
ing PADAP (sec 2.7. above). The Cd in wine was measured 
with an LOD of 5 ug r'.^ 

2.83 Lead. Measurement ofPb in wine featured in a project 
from the Institute of Reference Materials and Measurements. 
Samples were analysed by ID-ICP-MS and the report of the 
data included assessment of the factors contributing to the 
measurement uncertainty with the major contribution attrib- 
uted to the measured sample hmnogeneity correction factor.'^ 
Like Cd, ETAAS continues to be the technique employed in most 
of the studies seen this year. However, a collection of Chinese 
herbs were analysed using FAAS with a water-cooled quartz 
atom trap.^'^ The LOD was superior to that of conventional 
FAAS by more than 10 fold. 

2A4 Mercury. Improvements to the classical vapour gen- 
eration procedures were reported by one group who applied 
online preconcentration for measuring Hg in water by both 
AAS and MIP-AES. A detection Ihnit as low as 4 ng was 
acbieved.^^^^ Good resolU are now obtained using ETAAS. 
due to the development of suitable modifiers such as KMnD4. 
A range of diffezent foods were analysed and according to. 
the procedures used the absohite LODs were from 33 to 
53 pg.^*^ Perhaps the most innovative work was that of Dietz 
et al}^^ in which capiiiary GC, with detection by MIP-AES, 
provided for preconoentrution, separation of dimethyfanereury, 
methyfanereury and Hg", and ng P' detection limits in oyster 
and tuna fish. 



2^ Selednm. While most attention was fociBsed on 
spedation, some developments in the measurement of total 
Se were introduced. Hie philosophy of very short heating 
programmes for ETAAS was shown to be ai^licable for the 
analysis of seafoods. The pyrolysis step was omitted and 
aqueous standards were used for calibration. With a Pd 
modifier the LOD was 0.16 jig g'^' and precision was 3-12% 
(RSD).^ S^ration of Se species by HPLC continues to be 
described^*^^^ and organoselenium compounds in Indian 
mustard were identified by reverse phase HPLC-ICP-MS but 
then measured using ES^uadrupole time-of-fiight MS. 
Increased amounts of methylselenocysteine were found in 
genetically modified plants where there was overexpression 
of the enzyme Se-cysteine meth^tranrferase.^' 

The advantages of gaseous sarhple ^traduction in atomic 
spectrometzy were veiy nicely reviewed in the introduction to a 
paper by Lopez-Molinero et al^ Alternatives to hydride 
genemtion and cold vapour generation were mentioned and 
then these workers described a procedure that involved 
measurement of Se^ and Se^ in mineral supplements as 
then: volatile Br compounds, with subsequent measurement by 
ICP-AES. 

2J9 Single and nadti-element analysis of foods and bererages 

In previous Updates we have noted that measuring minerals 
and trace elements may be useful to help identify the location in 
which wine was produced. This principle has since been 
extended to. other food types. Four varieties of avocado from 
dilfexent parts of the Canary Islands were analysed for B, Ca, 
Cu, Fe, K, Mg, Mn, Na, P and Zn. The area of origin was 
reflected in different element concentrations within the same 
variety but there were also differences between the four 
varieties, indicating that careful interpretation of data is 
important.^^ Raisins imported into Canada from Australia, 
Chile, Iran, Mexico, South Africa and Turkey were investi- 
gated to determine their contribution to the intake of Pb.^^ 
Most contained low concentrations, 0.005 to 0.010 mg kg"', 
but Turkish raisms had Pb at 0.056 to 3.1 mg kg~ This Pb was 
traced to the use of a contaminated fungicide. Samples of liver 
and kidney from Icehmdic lamb were analysed for six elements. 
Concentrations of Cd» Cu, Fe and Hg differed among different 
areas of the bhmd but none was high except for Fe, which 
showed a pattern of distribution that resembled that of moss — 
an indicator of airtxime deposition. It was also noted that 
recent volcanic activity bad not influenced concentrations of 
CdandHg."** 

Herbs and medicines from China appear to be generating much 
interest and the number of reports of where these and shnHar 
specimens have been analysed is increasing rapidly. This review 
does not include a systematic discussion of the recent 
publications but simply draws attention to the trend. Work 
inchides assessment of potential toxicity due to the natural 
content or contamination of elements such as Pb,'^^ and the 
possible therapeutic properties associated with, e.g., Ga, Cu, 
Fc^MgandZn."** 

2.9.1 DietBty iatahe studies. Severe! duplicate diet studies 
were published in this review period. A German group reported 
the Cd Intakes of children and adults living in an industrial area 
and on an island in the North Sea.^' They concluded that 
dietary levels were higher in the industrial city and should be 
reduced. In a follow up to work with Cd, which was mentioned 
in our hist Update,' the intakes of As in Bdgium were 
repotted.^ The highest concentrations in individual foods 
were m fish and rice but the mean intake was below 30 pg d''. 
In a very specific study, 11 elonents were determined in diets 
fipom pregnant and non-pregnant women (migrants into 
Australia), human milk and f onnuhis. Data were compared 
with the results from a similar study in the USA. Amounts were 
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generally lower than in the USA and there was some oonoen 
that intakes of Ca, Fe and Zn were inadequate.'^ In two 
separate publications the daily dietary intake of Cr and the O 
conoeatiation in typical Spanidi feeds were xepoHed.^*^ 
From the duplicate diet data, intakes ranged from 9,39 to 
205.16 ug d"' (mean » 100). I£gbflst oonoentrations woe in 
seafoods, vegetables and cereals, dairy products and olive 
oils. O concentrations in Mexican foods were similar to those 
seen in Spain, although the mean daily intake was lower at 
30.43 ^g d~^^ An analysis of West African foods revealed a 
huge range of Ca concentrations, 3-3630 mg per 100 g dry 
weight, vvith highest amounts in vegetable leaves.^ Yet anodier 
enormous stu^y of Cd in Japanese foods was presented and 
showed that mi^ contributions (up to 0.38 pig g' ') come from 
cereals, shellfish and pulses.^ Analysis of burgers, (Mzza and 
French fries indicated that these fast food products offer useful 
contribations to daily dietary Ca, Fe and Mg.^ 



2.9.2 HoDttD milk and Infant fonrndae. Since 1984, Se has 
been added to fertilisers used in Finland to increase the 
concentrations in foods grown in naturally Se-poor soils. The 
impact of this intervention on concentrations of Cd, Cu, Se and 
Zn in human mUk was bves^gated between 1987 and 1995 and 
has now been published. The study also included the 
location, smoking habits, fish eating and age and parity of the 
mothers. The interactions were complex and included an effect 
of the high natural Cu content of soib in one area. However, Se 
concentrations of human milk increased (16.4-18.9 |ig 1**) as a 
consequence of the supplementation while Cd, Cu and Zn were 
reduced. Studies to examine As in human milk and the 
concentrations of 1 1 other elements in samples from Australian 
immigrants were discussed in sections 2.8.1 and 2.9.1, above. 

Measurements of Cd and Pb in infant fonnulae showed 
differences related to the types of product: beginner, continua- 
tion, special infant-bypoallergenic, special infant-lactose-free, 
special infant>vegetable base, special infant-others. None of the 
formulae made an appreciable contribution towards the 
provisional tolerable weekly intake."^*^^ Fortified breast 
milk provided to extremely low birth weight infants, and 
widely used throughout Europe, failed to provide the require- 
ments for Ca, Mg and P.'^ In a comparative study ofirtfant 
formulae purchased in Nigeria, the United Kingdom and the 
United States of America, 26 dements were measured. The 
drinking water limit values for Al, Ba and 71 were exceeded in 
some brands while the sMp\Av of essential elements were 
inadequate in many examples.^' 



2.9 J Milk and dairy prodnds. Camel milk has been 
compared with human and cow*s milk and was found to be 
an acceptable source of trace elements. Concentrations of Fe 
and Mn were espedaUy high while the amounts of Oi.Se and 
Zn were at least as good as in other milk lypcs.^ Using 
techmquBS such as selective protein precipitation and enzy- 
matic hydrolysis the bindng of Ga, Fe^ Mg and Zn to bovine 
milk proteins was Investigated.^ It appeared that Ca, Mg and 
Zn were aasociatcd with colloidal calcium phosphate while Fe 
was attached to a casein polypeptide chain. 



2.9.4 ^Vbeat, flonr and rice. In a very prolonged investiga- 
tion, Cd and eight odier elements were measured in wheat and 
rye flours and m wheat bran for IS years.'^ Temporal changes 
were reported involving all sample types with oonoentrations of 
sotas dements gradually increasing, some decreasing while Cd 
in flours increased and then fell agam. No explanation for these 
trends was proposed. The concentrations of Gr and Ni were 
shown to be associated with the amount of bran, and hence the 
origin of the wheat flour. Texture, however, a feature of the 



fpniing process, did not correlate with these elements. The 
gmctic component to accumiUation of Cd in durum wheat^ 
was discused above^ in the introduction to the section on foods 
and be ve i a ges in this review. 

2SS FIsb ami seafool With the ready availability of CRMs 
derived from fish and seafood, new analytical developments are 
often validated by analysis of such samples. Such work, using 
lyophilised and finely powdered materials, however, is not 
especial^ relevant to a discussion of red samples. Fish species 
cau^t in the Barents, Norwegian and North Seas were taken for 
measurement of I by ICP-MS. Concentrations ranged from 
(mean) 0.07 mg kg' ' wet weight in ling to 2.5 mg kg^ wet weight 
in cod. Intni->spedes variation was also quite high. An analysis 
of sardines canned in either tomato sauce or soyabean oil was 
reported from BraadL"* Eight dements (Cd. Cr, Cu. Fe, Mn, Pb, 
Sn and Zn) were measued and those at the highest conoentra- 
dons were Fe and Zn. Generally the highest con- coiuations 
were in fi^ canned in tomato sauce. However, only Cr was 
consistently above the limit value although the Pb m one bnmd 
also exceeded the pennissibiB concentration. Differences were 
attributed to the cannbg process and the quality of the sardines. 

The nnportance of fish as a dietary source of Hg, and the 
potentially harmful effects during pregnancy and childhood, 
has been much stated in recent years. Swordfish is known to be 
an accumulator of mercury and various authorities have 
produced recommendations as to how much nuiy safely be 
consumed. Mcndez et al^ from Uruguay, offer data to 
suggest that the situation may cot be as straightforward as is 
sometimes presented. They found that Hg in the edible part of 
swordfish was from 0.04 to 2.21 mg kg"^ but that there were 
really two subsets of data dependent on the size of the fish. 
Specimens less than 100 kg had low concentrations of Hg and 
could be considered safe for eating but that larger fish, where 
bioaocumulation was greater, should be avoided. Work from 
an Italian laboratory appears to be less worrying. In different 
fish types the Hg concentrations were from 0.057 (sole) to 
0.579 (swordfish) mg kg" '.^ However, the size of the fish and 
where they were cau^t are not known. Shellfish had much 
lower concentrations of Hg. The same samples were also 
analysed for Se and concentrations were much higher than for 
Hg and were shnilar in fish and shellfish. 

2.9.6 Wats. Analysis of bottled mineral waters often 
demonstrate that these beverages fail to meet the standards 
ap;^ to drinking water. Forte et al opted to determine U in 
samples obtained in northern Italy^ while Cr was measured in 
a Spanish investigation^'* and As, Cu, Mn, Sb and Se were 
determined in samples from BrazO.^^ A sensithn procedure 
involving an FI system for preconoeotration was eniployed to 
measure Hg in tap water in Argentina,^ but the most detailed 
investigation was that in which As species were determined in 
drinking water in West Bengal, India.'^ 

Z9.7 Wine and beer. Most of the work itmhing these 
samples was directed to the analysis of wines but in one study 
ten brands of rum were taken for measurement of Oi, Fe 
and 2Dci. In two of the rums, the Cu concentrations exceed e d 
the limit permitted in BniziL^ Elaborate procedures were 
developed for separation and measurement of toUil, free- and 
the tannhi-bound Fe in wines.^ The ''Sr: ''Sr ratios in wine 
of different origins were quite different dependent on wither 
they were derived from basaltic, nuxed or granitic soils. 

2.9J Reference materials and collaborative trials. There is 
iit^ to review relating to these topks. The report of the 16th 
Jntemationa! Measurement Evaluation Programme (JMEPL 
inwhing the determination of lead in wine, wat published. 
Concentrations of Pb and the measurement uncertainties were 
reported by the 129 parridpaots, and results were from < 1 to 
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TiUf 2 Analysis of foods and bevtrages 



Etoocat Mauix 



Tecbaiqne; 

atonuzHtiQii; 

pxeseDtatioa'- 



Simple ttcatmcntfaonimcats 



A) 
Al 



Prait juice, soft 
driaks, water 

Boer, beer 
mgredicDts 



As 


Wen water 


MS;ICP;H 


As 


Water 


MS;ICP;HPIjC 


As 


Humao milk 


AA;Hy:L 


As 


Vegetables 




As 


Foods 


AA;Hy^ 


As 


Seafood 


AA;Hy;HPLC 


Al 


Sugar 


AA;ETAaL 


As 


Food oolours 


AAdBTA;Sl 


As 


Apple 




As 


Coffee 




As 


Oyster 


MS;ES;HPLC 








As 


Seafood 


MS;ICP;HPLC 






MS;EsaiPLC 


As 


Marioe tissues 


MS^CP^IPLC 


Ba 


Minend water 


AA;F. O2 eniiche 






air CiH^L 


Qi 


Grape juioe, wine 


AAdF;L 



Ca 
Ca 



Ca 
Ca 



Cd 
Cd 
Cd 

Cd. 

Cd 

Cd 
Cd 



Hnouui milk, 
Uood, urine, 
faeces 

Milk products, 
smoked fidi 

Weaning foods 
Foods 

Foods, urine 



Beer, beer 

mgrcdtents 
Wne 

Wine 



Foods 

Mussels, milk 
powder 

Ricx 

Bovine oUal, 



AA;ErA;L Samples were digested widi HNO3 V3O1 prior to measurement 328 

AA:ETA;L| SI Solid samples weic introduced as suspensions following treatment with a 329 

solution containing H2O2 HNOj NH4H3PO«. Liquid samples were 
pipetted ducctiy 

As^Tas^ DMA and MMA were determined in samples froin West 254 
Ben^ 

Analytical perfomuinoc characteristics were calculated for tlie 227 

deteinuoation of As**', As\ MMA and DMA 
The milk from 32 mothers was analysed in Genoaoy as part of a study 126 
of possible contamination arising from WW II cbemicai weapons. 
Happily, 00 elevated levels were found 
The As uptake by Y^etables in an area of Chile with high soli 330 

concentrations was found to pose no health risk 
Samples were digested using HNOj HjCh, excess oxidant removed by 331 
addition of HQ and urea and KI used to reduce As^ to As*". The 
IjQDwasO^MSr' 

A coopled HPLC nucrowave oven HGAAS method for spectating 216 
As^, As\ MMA, DMA, AB and AC wa s described. During the 
microwave step K^SzO^ as oxidising agent was used to enhance the 
efficiency of conversion of AB and AC into As^ 
Optimum conditions for a number of dicmieal modiSera were identified 239 
(in Portuguese) 

(1025 0.15 g of colorant was weighed, and 1 0 ml of 0.1% m/v Triton 332 
X*100 Sm yfv HjOs 1% yfv HNO), 1 drop of silicon antifoam and 
the conesponding matrix modifier (0.3% m/v Ni for As and 1% m/v 
NH4H^4 for Cd and Pb) added. The LCDs were 33. 0.8 and 11 pg 
for As, Cd and Pb 

Extraction procedures and HPLC vpazatioos were evaluated for As 210 
spcciation 

Samples were digested usiqg HNOj H^O] in a microwave oven and As 333 
and Se detendned 

2 techniques were used to quantify an anenosugar and analytical 23 1 

limitations discussed 
The chemical stability of 4 arsenosngars in simukited gastric juice and 334 

acidic extraction reginKS was investigated 
As species were extra^od from freezo^lried b'ssncs using 50% (v/v) 1 13 

CH3OH HjO in a microwave oven heated to 70 75 *C 
Ad O2 : C2H2 ratio of 0.72 gave increased sensitivity and yielded an 234 

LOD of0.034mgr' 
Methods evaluated included dealcoholisation, dry minerulisation, and 335 
wet mineralisation with heating by using different adds and/or 
mixtures of acids. The analytical perfoimanoe of the methods weie 
establisbed 

AE;ICP;L The results showed that the needs of low birth weight infants for Ca, 12 

Mg and P were not met by a human niilk fortifier widely used in 
Europe 

AA;F, air CsHs^* Ca, Li and Sr were determined by dry ashing in a quartz crucible, 336 
AA;F,N20 foUowed by treatment with Ha and HNOj 

CjHjjL 

AA;FiL The bioavailability of Ca, Fe and Zn was calculated 337 

A£aCP;L Results of a study to estimate Ca content of 28 West African foods 267 

were reported 

MS;ICP'J. A new method for Ca isotope ratios, using SF-ICP-MS with a shielded 31 

torch, was described. Calculation of uneeriamly allowed critical 
paiameten in the experiment to be identified 

AA;ETA;L,S1 See Al, id 329 329 

AA;ETA;L A simultaneous method for Cd and Pb, based on transverse heating and 241 

ZeemaiFeffect ETAAS was described in detail 
AE;ICP;FI Cd was letained in a knotted reactor as Cd 2-(5-bramo-2*pyridylazo>*5- 223 

dicthylaminophenol, Ihes clnted using 3 M HNO). Using an USN 

and 60 s preooneentmtion the LOD was 5 ng r' 
AA;-;- A study of adults and children in Gcmumy showed, from a duplicate 261 

diet study, that the provisional tolerable weekly intake was being 

exceeded in an nmnber of cases 
AA;F;FI Prior to column preconoentretion the pH of add digests was laised o£F- 338 

line to 3 5 using NHb. then adjusted to 8 on-line using ammonium 

acetate bolTer 

AA;-;L Maxmmm Cd, Hg and Pb levels of 178, 43.6 and 1529 pg kg"'. 363 

respectively, were found in rice imported into Saudi Arobia 

AA;ETA;L Tissues were collected from 67 animals at slaughter, the uddduIs having 199 

been raised oiganicalty or conventionally. Significantly lower levels of 
Cd aod Zo were Ibund in liver and kidney samples from the 
oigaoically reaied cattle 
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ToUc 2 Analysis of foods and bc^^ages {continued!^ 



Technique; 
stonuz&bon; 

Element Matrix preKatalioQ' Samiile Ueatnealtonmcots Ref. 



Cd 


Japaoese foods ' 


AA;ETA;L 
AAa?;L 


Cd was determined ia 319 foods and beverages 


339 


Cd 


Oyster 




The biouccomulation of Cd. Se, and Zn in tissue of an estuarine oyster 
(Cnusojtrea rimdaria) and a coastal oyster (Saecosirea gh$nerau>) 
from iMlh the dissolved and particulate phases was investigBted. The 
study dtmonstiatcd diffcsences in the accumulation of metab 


340 


Cd 


Foods 


AA:ETA:S1 


Samples were homogenised by cryogenic grinding, the resulting powder^ 
5 20 mg, transferred to the autosampler cup with 0J% HKOj 0.04V« 
Triton X-iOO and sonicated. An aliquot was transfencd to a Rh W 
coated tube oontaim'og an integrated platfoim with a permanent 
. tungsten carhide ifaodiom modifia 


202 


Gd 


Food colours 


AA;ETA;S1 


See As. ref. 332 


332 


Cd 


Sunflower oil 


AA;ETA;L 


Samples were digested using HNOj, with V2O5 us catalyst and Cd and 
Pb determined in 21 samples. Of these only one exceeded proposed 
EU Umits 


215 


Cd 


Durum wheat 


AEaCP;L 


Duram wheat shows genetic variation for Cd concentration. A study of 
S |Nun of near isogenic lines fonnd the lofw Cd allele lowered Cd 
without altering conoentiHtions of other elements or afTccting 
economic traits 


200 


Gd 


Cereals 


MS^CPJ. 


Japanese Od and Pb intake from bread, noodles, rice and wheat flow- 
was estimated 


341 


Cd 


Coooa 


MSaCP;S£C 


IS extraction methods were investigated for the recovery of different 
classes of Cd and Pb species in 8 different cocoa powder samples. Cd 
and Pb were very firmly bound to the iosohible matrix components, 
yielding recoveries <20% 


214 


Cr 


Drinking water 


AA;ETA;L 


A fcasibiHty investigation was carried out on the use of bidirectional 
electrostackins for sinniitancoas separation and prc-concentntion of 
Q"' and Cr^*; the LODs were 6 and 5 ng r\ respectively 


219 


Cr 


Drinlciiig water 


AA;ETA;L 


Cr^ and Pb" were preconoentrated for 10 min using an electrokioetic 
flow analysis system and a bi-directional clcctrostacking unit, yielding 


224 








ETAAS LODs of 10 and 13 ng ^^ respectively 
Following column preoonoentration, adsorbed Cr" was dated with 4 M 
HNO} and Qr^ with 1 .0 M NH) solution 




Cr 


Water 


AA;erAa' 


230 


Cr 


Gastrointestinal 
perfusates. 


AF;ETA;laser 


Atomisation was performed in a commcrcia] doctrothermal atomiser/ 
with pyrotyticaQy coated tubes, but without platforms. Optimum 


89 




serum, water 




ashiqg and atomtsatiott temperatures were 1300 and 2500 *C 
respectively. An LOD of 4 pg mJ~* in 20 |il of water was achieved 












Cr 


Urine, water. 


MS;ICPU. 


The use of a dynamic reaction cell reduced isoburic interferences 


32 


Cr 


Wheat flour 


AA;ETA;SI 


* Cr and Ni were dcteiminod by slurry atomisation (3% w/v in 15% 
HNO3 10% H^02). Differences between sample arose from 
geographical origin, rather than being a function of the milling 
process 


275 


Or 


Foods 


AA;ETAa' 


Cr was determined m 20 food types from Northern Meun. The highest 
levels were recorded in cheese On Spani^) 


266 


Cr 


Foods 


AA;ETAa. 


A survey of food from Greece showed meat, fish, cereals and pulses to 
be good sources of Cr 


342 


Cu 


Human milk, 
cow's milk 
infant formula 


AA;s- 


Differences in Cu and Zn levds due to home prepardtion were 
investigated 


343 


Co 


Beer, beer 
ingredients 


AA;ETA;L,Sl 


SeeAl.ief.329 


329 


Co 


Rum 


EDXRF;-;L 


Following preconoentration using APDC. Cu, Fe and Zn were 
determined in Brazilian mm. LODs were in the ng ml' ' range 


225 


Cu 


Bovine liver 


AA;F, air CaHsiS 


Sample, 0X5 0.50 mg, was weighed directly into a small polyethylene 
vial connected to a glass chamber. Air carried the sample as a dry 
aerosol to a T-shaped quartz ccU positioned above the burner in the 
optical path. Prior to analysis particle sise was reduced to <80 )nn 


85 


Cu. 


Margarine 


A£;ICP-,L 


Cu, Fe and NI were determined following cmulsificatios with Twecn 801 


204 






The optimum margarine concentration in the emulsion was 35% 




Fe 


Water 


AA;Fa:. 


Fe, Mn and Zn LODs were 2.5, 0.68 and 0.24 pg r\ respective^, 


344 








following preconcentnition 


345 


Fe 


Human milk, 
infant formula 


AA;FdL 


The devdopmcnt of an £n vAro method to simulate new-born digestion 
and to study Fe and Zn bioavailability was carried out 


Fe 


Wine 


AA;F;L 


The doud point phenomenon was used to deteimine free and tannin> 
bound Fe in wine. The LOD was 0.02 mg T* 


236 


Fe 


Rum 


EDXRF^;L 


See Cu. ref. 225 


225 


Fc 


Table olives 


AA:F:L 


A standard method, for mdustry QC labordtories, was validated for the 
determination of Fe and Mn. The LODs were of 0.106 and 
0.022 mg P', respectively 


346 


Fe 


Biscoils 


AA,-CVa- 


Fortification with Fc and Mn was investigated in an unusual application 


247 






ofCVAAS 




Fe 


Margarine 


AEaCPO, 


See Cu, ref. 204 


204 


Hg 


Drinking water 


AA.<:V;n 


Hg was letaincd as Hg 2-(5-bromo-2-pyridylazo)-5-diethyhmiinopbenol 


248 






in an on-Une knotted reactor 




Hg 


Rice 


AA;-;L 


See Cd, ret 363 


363 
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TiUel Anajyw of foodi and beverages (ewt/fauetQ' 



Techsiqoe; 
vtomizatiQii; 

Eleneiil Matrix picsentatioa' Sample ticstineiil/baiiiiiients Rcf- 





Seafood 


AA,-CV;n 


The results of an intertaboiutoiy trial were described 


280 


Hg 


Biological RMs 


AA,-CVaJPLC 


Samples woe microwave oven digested using mctbanoltc KOH, the 

digest domed up using CHsQj and HQ and meibyhnercury 
' quantifled using HPLC-UV post column oxidation-CVAAS. The 


157 








LOD mis 10 |ig kg'* ' 


237 


Hg 


FoodRMs 


AA;ETA:L 


An iihiiiu oonoentnition technique with a Pd Zr coating and a chemical 








modifio* was descaribed (modifier not given in abstract) 


238 


Hg 


Food colour* 


AA;ETA;S1 


Shuiies were prepared in 1% w/v Triton X- 100 IKv^ HNOj 2% wAr 






KMnQU 3% w^ Ag(NOj)2 




Hg 


Biological RM, 
seafood, 
sheUfidi 


AE;MIP;oold trap 


Methyl-, diethyl- and inorganic mercury were determined at LODs of 
0.95, 6 and 125 ng using a method comprising microwave assisted 
extraction and a semi-automaied capillary cold trap-MIP-AE 


155 








spectrometer 


220 


Hg 


Water 


AE;ICP;H 


Hg was extracted as Hg 2-(5-biomo-2-pyridyhizo>-5-diethylamiaophcDol 
complex, at pH 9.2, mediated by micdles of polycthylcoeglycol mono- 








p-nonylpbenyl ether. The LOD for the FI-CV-ICP-A£S qrstcm was 
4ngl"'^ 

Inorganic, methyl* and ethyhnercuiy were spedated using an on-line 
CE-ICP-MS system. The species were separated as Kg cysteine 
complexes. The construction and performance of the interface were 
described 




Hg 


Biological RMs 


MS;ICP;CE 


156 


[ 


Seafood 


MS;ld^L 


3% NH} solution was added to digests (1 -i- 1, vM as staMKser. Levels 


246 








up to 12.7 mg kg' ' were found in fish samples 


336 


U 


Milk products, 
fmi^^ fish • 


AA:F, ail C2H3:L 


See Ca. ref. 336 . 














GsHsO- 


1 


12 


Mg 


Human milk, 
blood, niinci 
faeces 




Sec Ca, rcf. 12 


Mn 


Water 


AA;F;L 


See Fe, ref . 344 


344 


Ma 


Food 


AA;F;L 


4 surfactants and microcnmlsions were studied 


205 


Mn 


Table olives 


AA;F:L 


Sec Fc, ref. 346 


346 


Mn 


Biscuits 


AA,-CVa- 


See Fe, ref. 247 


247 


Ni 


Foods 


AA^F;L 


Ni was prccancenlratcd oo-ltoe using a miotcolumn packed with 


233 








AmttaJite XAD-2 loaded with 2-(2-benzothiazolylazo)-2'^-cresol 


275 


Ki 


Wheal flour 


AA;ETA;S1 


See Cr, ref. 275 


Ni 


Margaiiae 




See Cu, ref. 204 


204 


P 


Human tt*'*V, 
blood, urine, 
faeces 


AE;IGP;L 


See Ca, ref. 12 


12 


Fb 


Water, tea CRM« 
herbal medidnes 


AA;F;H 


Pb was delcxminod using a '^multiplex** sample loading procedure, Le., 
1 ringle large injection was separated into 8 smaller ones. The authors 
j^afnpH this incRased sample ictention in a knotted reactor and 


222 








oflered the potential for improved LODs 


224 


Pb 


Drioktng water 


AA;ETA;L 


See Cr, ref. 224 


Pb 


Sunflower oil 


AA;BTA;L 


See Cd, rd". 215 


215 


Pb 


Wme 


AA;ETA;L 


Sec Cd, rcf. 241 . 


241 


Pb 


Wine 


AE;ICP;L 


A Pb-quioolio-S-ol complex was formed on-line at pH 6.8, collected on 
a resin and then countercoirent ehited using HNO> Using a USN un 
LOD of 0.15 Mg r' was obtained for a 10 ml sample of wine 


224 


Pb 


Wine 


PIXE;.^' 


Samples, 5 ml, were concentrated below a halogen lamp^ 8 pi aliquots 
transferred to a 61ter paper and Pb determined by PDCE. The LOD 


251 








was approximately 50 ppb 


257 


Pb 


Wiae 


M5aCP;L 


An interesting smdy, part of the Inlemalional Measurement Evaluation 
Programme, showed considerabic variability in resolts for Pb m wine: 
129 laboratories partidpated and one third of resnhs deviated by 
±50% of the certified result By contrast, all of 14 national 








measurement institutes reported results within 1 109^ of the certified 
vah2c 
See Cd, ref. 363 




Pb 


Rice 


AA;sL 


M9 


Pb 


Food colours 


AA;ETA;Sl 


See As, rd. 332 


332 


Pb 


Raisins 


AA;ETAa. 


High Fb levds were found to be due to a contaminated copper 


259 






fongidde 


202 


Pb 


Foods 


AA;ETA;S1 


See Cd, ref. 202 


Pb 


Cereals 


MS;ICPa^ 


See Cd. rcf. 341 


341 


.Se 


Mineral wafer 


AA;Hy;L. 


5 min enrichment on a gold wire yidded an LOD of 5 pg ml' 


217 






AF;Hy^ 




240 


Se 


Wine 


AA;ETAa' 


Ni and Sr were cvahiated as chemical modifiers 


Sc 


Human milk 


AA;.a. 


An interesting study explored the consequences of the Finnish decision 


269 






to add Na2Se04 to fertilisers. Direct analysis of milk samples found 










that supplementation had increased the Se levd in maternal mUk 


347 


Se 


Rice 


AF;HyA' 


Foliar application of Se resulted in fortificalton of Chinese rue by 






approximately 20-fold 


348 


Sc 


Rice 


AFflrX 


A further paper on foliar apidication of Se. 30 rice products were 



analysed 
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Tflbb 2 Analysis of foods aod be^^crages {etmiinuetf^ 



Matrix 



Techniqixe; 

utamjzHtiao; 

picxntaiiofll' 



Sample trcatncntAxmuncots 



Ref. 



Sc 

Se 
Se 



Sc 
Se 

Se 
Sc 
Se 



Se 
Se 
Se 
Se 
Si 
5r 

Th 

Tl 

U 

u 

Za 
Zd 



Za 
Za 



Za 
Za 

Various 

(5) 
Various 

(5) 



Various 

(6) 
Various 

(4) 

Various 
(26) 



Various 
Various 
(4) 

Various 

Various 
(4) 



Mushrooms 

Seafood 
Seafood 



Coffee 
Dieietio ■ 

oonpounds 
Oysters 

Diets, food 
supplements, 
human plasma 



Nuts 

Yeast extracts 

Yeast 

Wine 

Milk products, 
smoked fish 

Foods 

Wme 

Water 
Wheat 
Water 

Human mflk, 
infant fommla 

Human milk, 
cow's milk 
infant foimula 

Rum 

Diets, food 
supplements, 
human | 

Foods 



Bovine oflal, 

musde 
Oyster 
Water 

Camel, cow, 
human milk, 
infant foimula 

Ooats* milk 

Oows*mi!k 

Infant formula 



Wine 

Milk powder 



Food, beverages 
Mushrooms 



AA,*cvaiPix: 

AA;£TAa' 
AF;HyJJPLC 



AE;ICP;Ha 
AE;ICP;bramide 

generuhOD 
MSaCPOiPLC 



MS;ICP-,HPLC 
M5;ES:HnX: 
M5;lCP;HPLC 

MS;ICP;L 
MS;£Sa' 
MS;ICP;ErV 

MS;ICPa- 

AA;F, air CiH2;L 
AA;F,NaO 

Msaa^L 

NAA;-:- 
AA;ETA:L 

MS:ICP;L 
MS;ICPa. 
AA;F;L 
AA;Fa. 

AA;-5- 



EDXRF;sL 

AF;Hya- 

AA;ETA;L 

AA;ETA;L 
AA;-;L 



AAjETAO* 
AA;Fa- 
AE;ICP',L 



AEaCP;L 



MSaO^L 
MS;ICP;L 



AA;-:- 



5 extraction procedures were consideied and a 3-step process involving 
the nse of H^P extiaction and 2 proteolytic enzymes pepsin and 
tiypsin inoved to be the most suitable for extracting Se 

Ultrasonic extraction and fast analysis fay omission of the pyiolysts 
stage were used in an evaluation of **unalytical minimalism'* 

Following protease lipase extraction and column clean up, Se was 
spedated using a oontinuoos HFLC microwave-iissisted digestion 
HC>AFS system 

See As. ref. 333 

Volatile compouids of Se"^ and Se^ were foimcd by reaction with Bi~ 
. in H2SO4 media in disoontinoous mode and tiunsporled to the torch 
Various extraction proceduics, induding enzymotysis, were discussed 
Sec Cd, ref . 340 

The Sc and Zn status of the New Zealand elderly female population was 
mvestigated. The results lead the authors to speculate that Se and Zn 
ridi foods or nutritional supplements may be beneficial 

The role of plants in pfaytoremedialion was mvestighted 

Se was spedated in Brazil, pecan, cashew and wabuts. The main species 

found was Sc-methionine 
Sequential SEC, anion-cxcfaangc and cation-exchange LC allowed 30 Se 

spedes to be identified 
Se-cootaining proteins were separated by SDS<PAG£, then the bands 

removed and Se determined by ETV-ICP-MS 
"^rc^Sr analysis uang multioollector-ICP-MS discriminated wines by 

Ihdr geographic origin 
SeeOi.sef.336 



Daily Pakistam* dietaiy intakes were calculated 

Following digestion with HNOj H3O2, Tl was Ueuted with KI and 

extruded into IBMK, yielding an LOD of a05 pg T' 
3 diflcrent analytical techniques were compared 
Wheat samples from 10 regions of Saudi Arabia were analysed 
See Fe, ref. 344 
SecFc,ief.345 

SeeCu,ief.343 



Sec Cu, ret 225 
See Se, fdl 80 



The advantages of HG Irom the organised medium of 
cet^trimethylanunonium bromide were contrasted with that from 
aqueous media 

SeeCd,Rf. 199 

See Cd. ret 340 

As, Cn, Mn, Sb, and Se were simultaneously measured using Zeeman* 
effect ETAAS 

Camel, cow and human milk was coUeded in Kuwait and infimt 
formulae purchased locally. Cu. Fe, Mn, Se and Zn were determined. 
Camel's milk contained 4 10-fold and 7 20-fald, respectively, nmre 
Fe and Mn than the other sample types 

Cd, Cd and Pb were determined by ETAAS and Qi, Mg and Zn by 
FAAS in samples of Czech goat's milk 

Fe, Mg and Za were cither determined following microwave assisted 
digestion or after snqneatial treatment with TCA then pepsin. The 
latter method allowed stu^y of metal protan interactions 

Amitysis of supermarket mmples from the USA, UK and Nigeria was 
conducted following microwave digestion. The EU drinking water 
iwiayinnim aduussiUe ooucentratioos for Al and Ba and the US EPA 
standard for Tl were violated in some infant formula brands 

Semiquantitative and quantitative unalysb were compared 

Ultrasonic sluny sampling ETV reaciioo cell ICP-MS was used to 
A^^r»ri^ Cd, Cr, Pb, Zn at LODs of 0.2, 3, 2 and 37 og g'\ 
respectively 

A review, with 1 SO references, of papers addressing the issue of 
authenticity 

A survey of Cd, Cu, Hg and Pb in the area around a Slovakian smeller 
found yoy h^ conoemratioos, induding Hg at op to 71 mg kg" 
diy wdgbt 



207 



209 
208 



333 
249 

206 
340 
80 



201 
349 
229 
318 
245 
336 



350 

226 

279 
3S1 
344 
345 

343 



225 
80 



232 



199 

340 
242 

272 



352 



273 



271 



353 
244 



354 

355 
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TaMe 2 Aaatyris of foods and beverages {continued^ 



Technique; 



EIrmmt Matrix 



pfese&totionT * 



Sample treatrocDt/ooronicits 



Ref. 



Various 
(4) 



Various 

(8) 
Various 

(5) 
Various 

00 



Various 
(5) 

Various 

(fi) 
Various 



Various 
Various 

09) 
Various 

01) 

Various 
05) 



Game 

Wheat and lye 
Mushrooms 
Seafood CRMs 

Fresh eggs 

Foodstoffs 
Wheat flour, bread 



Honey 

Herbs and herbal 

infusions 
Diets, breast milk, 

infant foimnla 



Foods 



Various Lobster 



Various 



AA;F;L As, Cd, Hg and Pb were detcmuoed in tissues from pigs» iocs and deer. 

Fb content exceeded food regulations in 2S% df cases. AltboD^ not 

suited in the (Polish) abstract, one may speoilate that the Pb 

' originated fiom the means of slaughter 
AA:F:L Gd, Co, Q; Cta, Fe, MI^ Ni, Pb and Zh in Swedish samples were 

measuied over a 15 year period 
AA;-^^ The levels of Cd, Cu, Fc» Mo, and Zn were surveyed in Croatian 

mudirooms 

AA;F;L,S1 Classical pre^tieatments such as microwave assisted-add digestion and 

AA;ETA;L,SI slurry techniques were oompaied with microwave eneigy or 

ultrasound energy asristed-add leaching process and enzymatic 
hydrolysb methodologies based on the use of pronase E (As, Cd, Cr* 
Cu, Fe, Mg, Mn, Ni, Pb, Se, Zn) 
AA;F;L Cu, Pb and Zn were determined using Y Pd dtric add as chemical 

AAiETA;L modifier and a Zeeman-efTect ETAA aptictromEter. Ca and Mg woe 

measured uang FAAS 

AA;ETA;L As part of a chromium intake study, Ca, Fe, K, Mg, Na and Zn were 

also dctennined 

AE;ICP;L Analysis of Bulgarian fiour and bread yielded the reoommendaUoo that 

fhey flbould be fortified, due to the low levels of mieronutrients 
detected in the samples studied 

PIX£;s- TXRF;-;* Trace elements were measured in Polish honey 

MS;ICP;L AAjFrf. As. Ba, Oi, Cd. Co. a, Cu, Fe, Li, Mg, Mn, Ni, Pb. Se, Sn, Sr, Ti, V 
and Zn were measured , 

MS;ICP:L A longitndina] 6-day duplicate <fiet study for prqgnant and non- 

pregnant subjccu showed low intakes of Qi, Fc and Zn for 
Australian infants and '"migrants** (Ba, d, Cu, Fe, K, Mg, Na. P, 
Pb, Sr, Zn) 

MS:ICP:L A method for the routine determination of Al, As, Cd, Co, Cr, Cu, Fie, 

Mn, Mo, Ni, Pb, Se, Sn, V and Zn was based on microwave asristed 
digestion and quadrupole ICP*MS. Utilising mathematical 
interference correction and QC procedures the method was proposed 
for high throughput laboratories 
MS;ICPtL Soxhlet, room temperature mixing, sonication, microwave assisted, 

supercritical CO3 and subcritical extractions were evaluated for a 
variety of solvent syntaas and optimum conditions determined 
A oompichensive review of annval devdopments in the detennination of 
the dted samples fay atomic spectrometiy 



The potential for AMS In nutrition research was discussed 



3S6 



274 

357 
3^8 



359 



264 
360 



361 
362 

263 



243 



112 



Biological and 
dtoical samples, 
foods and 

beverages 

Various Foods, clinical AMS;-;- 
samples 

^y indicates hydride and S, U G and SI signify solid, liquid, gaseons or shiny introduction, respectively. Other abbreviations are listed 
elsewhere. 
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> 2900 jxg r ' . Ono-third of the results were bdow - 50% or above 
+ 50% of the certified concentiution: 40% ofpartidpants rqwrted 
to within ± 10% uncertainty. Three sets of results from the 
NMKL Interhiboratoiy Study were repotted in our last Update' 
and a further study has since appeared.^*^ Ten laboratories took 
part in this work on the measuimeot of Hg in seven seafood 
products by Fl-CVAAS. The sample oonoentiations and 
analytical zepeatability and leprodudbility were zeportBd. 

3 Condnsions 

One of the principal featuies of leoent Updates has been the 
steady progress in 01 vfvo XRFdetermimUionoflemiinbofie to 
the pomt where now, for any study involving Pb exposure, data 
on XRF measurements of Pb in bone seem almost man<fatoiy 
(see sections 1.3J.3 and 1.9.I1> But are these measurements 
precue and accurate In a noteworthy coUaboiation between 
physidsts and cheaiists^ results by XRF measurement hsve been 
compared with those obtained by digestion of bone samples and 
measmement by ETAAS.*^* The ETAAS measurements^ ' 
showed that the surface tibia Pb measurement was gieater than 
the core concentration by about S-^ pg g~'. Measurements by 
*^Cd-based K-shdl XRF agreed weU with the surface Pb 
concentration by ETAAS.* Thus, the XRF measurement 
reflects the Pb conoentiation at the surface of the tibia rather 



than at the core. ^ithL-sbell XRF using an X-ray generator as a 
source, results were a cause for concern." Although overall the 
agreement between L-shell XRF and ETAAS measurements was 
good, the variability of the XRF measurement was unacoeptably 
high. For intact leg measurement, the measurement uncertainty 
exceeded the concentration in ahxu)st all cases. The range of' 
applications involving XRF has steadily increased in recent years 
and now includes many different tissues and body fluids, honey 
and alcoholic drinks (Tables 1 and 2). 

New findings have emphasized the importance of selenium 
in nutrition and increased concern for those areas in the world 
where Se depletion is found. Of great significance is the finding 
by Brooks et al^ that low plasma Se levels in dderiy men are 
associated with a 4-5 fold increased risk of prostate cancer. This 
is further evidence for the role that dietary Se has in the 
prevention of prostate cancer, dramatically shown in the doublo- 
Uind cancer prevention trial reported by Clark tt al in 1998, in 
which adaily supplement of 200 pg Se was associated with a 63% 
reduction m the incidence of prostate cancer.^ Selenium also 
appears to detoxify Hg released from amalgam fiUings. Patients 
who claim symptoms of ill heath from fillmgs have significantly 
lower blood Se conoentratibas than those with fiUings but no iU . 
eflects.^^ Correlations are also seen in tissues between Hg and Se 
concwitrations.^* Tan et dl.^^ suggested that Se supjiements 
should be given in pre^ancy, as they had fotmd significantly 
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lower |dasma Se in pregnant women with impaind glucose 
tolenmoe or with gestational diabetes meUitus than in nonnal 
pregnant womea There is also an indication that low Se status 
may be associated with miscaniages.'^^ 

Having dmwn attention in the last Update to the effects of 
oiganic production of foods on their trace element concentra- 
tions, it is apparent that interest is bang maintained in this topic 
and there may also be woik in the Aiture involving genetically 
modified foods. Other new developments highlighted in the last 
year or so included the methylated As^ spedes that appear to be 
formed during the metabolism of inorganic As. Studies to further 
elucidate the mechanisms invoked have been reported during 
this current review period. Afler a lull period for a couple of years 
there is renewed interest in the tungsten-coil atomiser. 

An analytical challenge has been the determination of 
uranium and the actinides in biological samples, now achieving 
greater prominence because of the interest in the exposure to 
depleted uranium of military personnel*'" and aid workers'*' in 
the aftermath of the wars in Kuwait and Kosovo. Determina- 
tion may be made by quadrupolc ICP-MS'*' \iiiich is quicker 
and more straightforward than determination by ix-spectro- 
metry, but sector-field ICP-MS offers superior sensitivity.^ 

One other topic that shows considerable recent development 
is the use of permanent chemical modifiers for ETAAS. Several 
reports have mentioned the advantages of tising reagents that 
require just a single application to the fumaoe. Solutions of Rh 
and W are particulaiiy favoured and look likely to increa^ in 
popularity; our next Update should reveal whether this is a real 
improvement or merely another fashion. 
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